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FIRST  SERIES  OF  COAL-DUST  EXPLOSION  TESTS  O  THE 
EXPERIMENTAL  MINE. 


By  George  S.  Rice,  L.  M.  Jones,  J.  K.  Clement,  and  W.  L.  Eqy. 


INTRODUCTION. 

By  George  S.  Rice. 

This  report  has  been  prepared,  not  only  for  the  purpose  of  recording 
the  results  of  the  first  series  of  coal-dust  tests  conducted  in  the  experi- 
mental mine  of  the  Bureau  of  Mines,  but  also  to  place  before  the  min- 
ing public  a  description  of  the  mine  and  an  account  of  the  objects 
sou^t  in  its  establishment. 

Soon  after  the  organization  of  the  technologic  branch  of  the  United 
States  Geological  Survey,  J.  A.  Holmes,  then  chief  of  the  branch, 
concluded  that  for  the  solution  of  various  problems  relating  to  the 
causes  and  prevention  of  mine  explosions  it  would  be  best  to  carry 
on  lai^e-scale  tests  in  a  mine  rather  than  in  a  surface  gallery. 

The  idea  of  utilizing  the  underground  passage  of  a  mine  for  making 
explosion  experiments  did  not  at  first  meet  with  general  approval 
among  investigators  in  this  country  or  abroad.  Many  thought  a 
mine  passage  was  not  a  proper  place  in  which  scientific  tests  could  be 
conducted,  as  great  difficulty  in  controlling  conditions  was  expected. 
However,  after  all  arguments  for  and  against  such  an  investigation 
had  been  carefully  considered,  plans  for  opening  an  experimental 
mine  were  definitely  adopted  by  the  Bureau  of  Mines  in  1910,  and  an 
allotment  of  funds  was  made  to  carry  out  the  project.  The  first 
endeavor  was  to  find  an  existing  mine  suitable  for  the  purpose,  but 
the  mines  offered  by  owners  were  either  worked  out,  were  wet,  had 
poor  roofs,  or  presented  complications  of  various  kinds,  so  that  it 
was  finally  decided  to  open  a  mine  if  a  site  could  be  obtained  having 
natural  conditions  that  would  fill  the  various  requirements. 

A  most  desirable  location  was  found  on  property  of  the  Pittsburgh 
Coal  Co.,  near  Bruceton,  Pa.  The  president  of  this  company,  Mr. 
W.  K.  Field,  the  general  manager,  Mr.  G.  W.  Schluederberg,  and  the 
chief  engineer,  Mr.  E.  J.  Taylor,  rendered  every  possible  service  in 
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making  arrangements  for  the  lease  of  the  property  and  subsequently 
in  the  opening  of  the  mine. 

Immediately  on  completion  of  the  development  of  the  mine  to  the 
extent  considered  desirable  for  experimental  work,  the  first  series  of 
tests  was  begun. 

The  number  of  experiments  embraced  in  the  first  series,  here 
reported,  was  comparatively  small.  The  tests  chiefly  served  to  try- 
out  the  mine  and  apparatus;  apart  from  this  end,  there  was  valuable 
educational  service  accomplished  by  certain  tests  before  large  audi- 
ences of  mining  men.  The  fact  that  coal  dust  in  air  containing  no 
inflammable  gas  may  explode  is  now  almost  universally  conceded  in 
this  country.  This  was  not  the  case  prior  to  the  first  public  test  of 
October  30,  1911,  when  many  still  doubted  even  after  having  wit- 
nessed explosion  tests  in  the  Pittsburgh  surface  testing .  gallery. 
However,  as  a  result  of  the  mine  test  mentioned,  those  who  had 
previously  doubted  expressed  themselves  as  convinced. 

This  explosion  test  seriously  damaged  the  mine  equipment,  neces- 
sitating considerable  delay  before  repairs  could  be  completed.  Then 
followed  further  experiments,  which  were  limited  in  number  by  lack 
of  funds. 

PHENOMENA  OF  A  DTTST  EXPLOSION. 

When  a  source  of  heat,  for  example,  an  incandescent  platinum 
wire,  an  electric  arc,  or  the  flame  from  a  blown-out  shot,  is  intro- 
duced into  a  cloud  of  coal  dust,  combustion  takes  place  between  the 
particles  of  dust  and  the  oxygen  of  the  air.  If  the  quantity  of  heat 
transferred  to  the  dust  cloud  is  relatively  small,  the  combustion  may 
proceed  only  in  the  immediate  vicinity  of  the  heating  agent.  If,  on 
the  other  hand,  sufiicient  heat  is  available,  the  temperature  of  the 
dust  cloud  is  raised  to  such  an  extent  that  combustion  takes  place 
rapidly,  developing  more  heat  than  can  be  conducted  away.  Conse- 
quently the  adjacent  part  of  the  dust  cloud  is  heated  to  a  tempera- 
ture sufficient  for  rapid  combustion,  and  by  its  combustion  develops 
heat,  which  in  turn  raises  the  temperature  of  the  next  dust  layer. 
This  process  continues,  and  the  flame  travels  through  the  dust  cloud 
with  rising  temperature  and  increasing  velocity. 

In  this  report  the  term  ''ignition"  is  used  to  describe  the  propa- 
gation of  the  flame  beyond  the  immediate  influence  of  the  igniting 
agent. 

When  the  conditions  are  favorable,  the  flame  is  propagated  through 
the  dust  cloud  with  rapidly  increasing  velocity  and  rising  pressure. 
A  true  dust  explosion  then  results,  and  the  velocity  of  the  flame  rises 
rapidly  to  over  2,000  feet  per  second  and  great  pressures  are  pro- 
duced. 
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When  an  explosive  gas  mixture  is  ignited  at  the  closed  end  of  a  tube 
that  is  open  at  the  opposite  end,  the  flame  travels  with  rapidly 
increasing  velocity  toward  the  open  end.  In  the  early  stage  of  the 
gas  explosion  the  flame  is  usually  propagated  in  the  way  just  de- 
scribed for  a  dust  explosion;  that  is,  the  heat  evolved  by  the  com- 
bustion in  one  layer  of  gas  raises  the  temperature  of  the  adjoining 
layer  above  the  temperature  at  which  ignition  takes  place.  In  cer- 
tain gas  mixtures,  for  example,  a  mixture  of  hydrogen  and  oxygen, 
after  the  flame  has  traveled  a  certain  distance  from  the  point  of 
ignition  an  '^ explosion  wave,''  or  so-called  ^^ detonating  wave,"  is  set 
up,  and  from  this  point  the  explosion  is  propagated  almost  instanta- 
neously. 

The  term' 'detonation  wave"  has  been  defined  by  Prof.  Harold  B. 
Dixon' as  follows: 

The  exinresBioD  "romde  explosive"  coined  by  Beithelot,  and  its  English  equiva- 
lent, **  the  explosion  wave/'  signify  that  flame  which  passes  through  a  unifonn  gaseous 
mixture  with  a  permanent  maximum  velocity.  The  rate  of  the  "explosion  wave" 
is  a  definite  physical  constant  for  each  mixture;  the  explosion  wave  travels  with  the 
velocity  of  sound  in  the  burning  gas,  which  itself  is  moving  rapidly  forward  en  masse 
in  the  same  direction,  so  the  explosion  wave  is  propagated  far  more  quickly  than  sound 
navels  in  the  unbumed  gas.  *  *  *  In  the  explosion  wave,  each  layer  of  gas  is 
compressed  so  suddenly  that  it  is  raised  beyond  its  ignition  point  by  the  heat  of  com- 
pression. *  *  *  I  yjge  the  word  "detonation"  to  express  the  burning  taking 
place  in  the  explosion  wave,  since  a  "detonator"  when  struck  bums  in  this  way  itself 
and  sets  up  an  explosion  wave  in  explosive  gases  around  it. 

As  the  phenomena  of  coal-dust  explosions  are  in  many  respects 
similar  to  those  of  gas  explosions,  it  is  not  impossible  that  an  '^explo- 
sion wave"  or  "detonation  wave"  may  be  produced  by  a  dust 
explosion  in  a  tube  or  gallery  of  uniform  cross  section  under  certain 
conditions.  A  mine  heading  or  entry  never  presents  the  uniformity 
of  a  tube  or  an  artificial  gallery,  because  in  a  mine  passage  there  are 
irregularities  due  to  projections  of  roof  and  ribs,  to  turns,  to  side 
openings,  to  timbering,  and  to  great  variation  in  the  amount  and 
quality  of  dust  present.  Therefore  it  does  not  seem  probable  that 
m  a  mine  explosion  a  detonation  wave  of  permanent  maximum 
velocity  can  occur,  although  in  some  localities  the  disruptive  force  of 
an  explosion  may  be  so  great  that  in  popular  language  it  might  be 
termed  "detonation." 

When  a  coal-dust  explosion  is  caused  by  a  blown-out  shot,  a 
pressure  wave  is  started  that  travels  at  a  rate  of  a  sound  wave;'* 
this  wave,  which  in  this  bulletin  has  been  termed  the  "shock  wave," 
gradually  becomes  less  and  les^  in  amplitude  as  it  travels  from  the 
origin.    Near  the  originating  blast,  if  several  pounds  of  black  powder 

•  Report  at  Comiaittfle  od  Britidi  Coal  Past  EzperimeDts,  R«oord  of  first  seties,  1910,  p.  150. 

*  Nearly  1,100  fMt  per  aeoond  in  a  mine  paeaage,  varying  sligtitly  according  to  the  temperature  of  the  air 
and  tbe  Yelodty  of  the  vantUattng  cunent. 
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or  dynamite  has  been  used,  the  concussion  may  be  strong  enough  to 
raise  near-by  coal  dust  into  suspension  and  thus  expose  the  dust  to 
ignition  from  the  flame;  but  the  blast  concussion  alone  can  probably 
not  raise  dust  sufficient  for  propagation  of  the  flame  under  the  con- 
ditions present  in  the  experimental  mine  for  more  than  about  100 
feet.  Following  the  shock  or  shot  wave  are  other  pressure  waves 
which  are  started  by  the  expanding  gases  from  the  burning  coal 
dust  thrown  into  the  air  by  the  concussion  from  the  shot.  The 
fact  must  be  emphasized  that  unless  the  dust  is  raised  into  the  air  in 
a  cloud  it  can  not  explode.  If  the  dust  cloud  is  dense  and  other 
conditions  are  favorable  for  intense  combustion  there  is  a  corre- 
spondingly rapid  production  of  hot  expansive  gases  with  resultant 
high  pressure,  causing  the  pressure  waves  and  the  flame  to  attain 
high  velocities. 

The  pressure  waves  started  by  the  explosion  are  transmitted  to  the 
air  ahead,  and  doubtless  travel  through  it  at  the  rate  of  sound 
waves.  The  body  of  air  is  forced  ahead  of  the  explosion,  and  as 
the  pressure  waves  travel  through  this,  the  total  velocity  of  any 
one  of  the  almost  infinite  number  of  successive  pressure  waves  with 
reference  to  a  fixed  point  is  therefore  greater  than  that  of  a  sound 
wave.  When  the  combustion  is  relatively  slow  the  advance  air 
waves  may  get  considerably  ahead  of  the  combustion  or  exploding 
zone.  On  the  other  hand,  if  the  conditions  for  propagation  are 
favorable,  the  distance  that  the  air  waves  are  in  advance  will  lessen 
proportionately. 

The  existence  of  the  advance  air-pressure  waves  is  an  all-important 
factor  in  the  propagation  of  a  dust  explosion,  for  if  there  were  none, 
the  coal  dust  would  not  be  brought  into  suspension  in  the  air  and 
thus  furnish  fuel  for  continuance  of  the  combustion;  the  English 
have  popularly  termed  the  advance  pressure  wave  the  "pioneering 
wave"  and  the  dust  cloud  'Hhe  pioneering  cloud." 

There  is  no  doubt  that  a  dust  explosion  will  die  away,  if  a  dustless 
zone  is  reached,  just  as  soon  as  the  coal  dust  carried  forward  in  sus- 
pension and  its  unbumed  gases  have  been  consumed.  Similarly, 
coal-dust  explosions  can  be  prevented  from  starting  by  so  wetting 
the  dust  that  it  can  not  be  raised  into  the  air  by  concussion.  A 
dustless  condition  would  be  equally  good,  but  can  hardly  be  attained 
in  the  average  mine. 

The  French  (Lifivin)  experiments  indicate  that  the  maximum 
pressure  is  exerted  in  the  zone  of  combustion.  This  fact  is  deter- 
mined from  the  automatic  photogrtiphing  of  the  flame  itself  on  the 
same  revolving  film  as  that  on  which  the  pressure  curve  is  photo- 
graphed. The  pressure  curve  is  obtained  through  the  agency  of  a 
ray  of  light  reflected  from  a  mirror  attached  to  the  back  of  a  dia- 
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phragm  which  is  exposed  to  and  is  deflected  by  the  pressure.  The 
pressure  curve  indicates  that  the  greatest  pressiu^of  the  explosion  is 
exerted  iji  the  zone  of  combustion.  This  maximum  pressure  wave  may 
be  turned  the  ''main  pressure  wave,"  The  records  of  the  European 
experiments  have  shown  that  as  the  main  pressure  wave  travels 
ahead  it  throws  off  reflex  pressure  waves  that  travel  back  toward 
the  origin,  and  that  if  the  origin  is  at  the  closed  end  of  the  gallery, 
the  pressure  may  be  raised  above  what  it  was  at  the  time  of  ignition. 

Following  the  passage  of  the  pressure  waves  there  is  a  depression 
below  atmospheric  pressure,  which  is  caused  by  the  cooling  of  the 
gaseous  products  of  the  explosion  and  by  the  ejectment  of  the  gases 
bj  the  violence  of  the  explosion.  The  depression  causes  a  violent 
movement  or  inrush  of  air  from  other  parts  of  the  mine,  or  from  the 
outside,  to  fill  the  partial  vacuum. 

The  pressure  waves  and  their  movement  are  very  complex  even 
in  a  single  gallery  closed  at  one  end,  but  become  more  complicated 
m  a  mine  with  two  or  more  passageways.  Taffanel,  in  reports  '  on 
his  third  and  fourth  series  of  coal-dust  experiments  conducted  at 
Ii6vin  in  a  single  main  passageway  300  meters  (1,000  feet)  long, 
has  contributed  most  important  information  relative  to  waves 
developed  in  a  gallery  by  simple  explosions  of  dust  and  the  arresting 
of  the  explosions  in  various  ways. 

OBJECTS  OF  DTTST-BXPLOSION  INVE8TIOATION8. 

A  thorough  knowledge  of  the  nature  of  coal-dust  explosions,  and 
of  the  accompanying  phenomena,  is  necessary  in  order  to  devise 
means  for  the  prevention  of  such  explosions,  and  for  the  arrest,  or 
rather,  the  stoppage  of  explosions  if  by  mischance  explosions  start. 
It  IS  therefore  necessary  to  know  how  coal  dust  ignites  and  the 
various  means  by  which  it  may  be  ignited,  or  inflamed,  the  chemical 
processes  that  take  place,  the  circumstances  under  which  an  inflam- 
mation becomes  a  true  explosion,  and  whether  detonation  some- 
times takes  place. 

In  endeavoring  to  discover  the  natural  laws  underlying  ignitions 
and  explosions,  the  bureau  considers  the  factors  or  variables  men- 
tioned below.  Some  of  these  are  properly  subjects  for  laboratory 
investigations,  and  the  others  for  investigations  at  the  experimental 
mine.  The  laboratory  investigations  of  several,  in  particular  those 
relating  to  the  relative  inflammabiHty  of  the  different  dusts,  have 
been  pursued  in  the  laboratories  of  the  bureau  at  Pittsburgh  and  in 
other  laboratories,  especially  in  England  and  France. 

a  Tafland,  J.,  TroMma  s^rla  d'essais  sar  les  inflammatloiis  de  jwussitoes;  production  des  coups  de 
pooHttras,  AprQ,  1910;  Quatiieme  siiie;  theorle  des  explosions,  August,  1911. 
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INFLAMMABILITY  FACTORS  FBOFB&LY  INGLin>BD  IN  LABOBA- 

TOBY   STUDIBS. 

Factors  affecting  inflammability  that  are  properly  included  in 
laboratory  investigations  are  as  follows: 

(1)  The  chemical  composition  of  typical  coal  dusts. 

(2)  The  relative  inflammability  of  dusts  containing  different  per- 
centages of  volatile  matter,  ash,  sulphur,  and  moisture,  as  tested  by 
different  laboratory  methods  and  apparatus  and  as  influenced  by: 

(a)  Character  of  ignition  coil,  induction  spark,  electric  arc,  or  flame. 

(b)  Size  of  coal-dust  particles. 

(c)  Method  of  putting  coal  dust  into  suspension. 

(d)  Method  of  mixture  with  inert  dusts  and  chemically  unstable 
compounds  to  ^ve  extinguishing  effects. 

(e)  Presence  of  methane  and  other  gases. 

(f)  Size  and  shape  of  explosion  chamber. 

(3)  The  physical  nature,  composition,  and  affinity  for  oxygen  of 
each  of  the  component  substances  that  make  up  the  coals  from  which 
inflammable  dusts  are  derived  (microscopic  and  chemical  inv^ti- 
gation). 

(4)  The  nature  and  composition  of  gases  distilled  from  the  coal  dusts 
at  different  temperatures  and  during  different  periods  of  exposure  to 
heat. 

FACTOBS  PABTLY  XJNDEB  CONTBOL  IN  BXFEBIMEKTAL  EXPLO- 
SIONS IN  THB  MINE. 

Factors  more  or  less  under  control  in  experimental  dust  explosions 
in  the  mine  are  enumerated  below.  The  bureau  is  investigating  the 
effect  of  each  in  connection  with  its  study  of  dust  explosions. 

(1)  Source,  composition,  and  relative  inflammability  of  dust. 

(2)  Size  and  character  of  dust  particles. 

(3)  Admixture  of  inflanmaable  dust  with  inert  dusts. 

(4)  Quantity  of  dust  per  linear  or  cubic  foot  of  space. 

(5)  Method  of  loading  dust — on  shelves,  on  floor,  etc. 

(6)  Moisture  adhering  to  dust  and  not  part  of  its  normal  composi- 
tion. 

(7)  Moisture  on  walls,  roof,  or  floor,  and  not  in  contact  with  dust. 

(8)  Humidity  and  temperature  of  air. 

(9)  Air  movement  in  passageways — velocity  and  direction  with 
reference  to  proposed  explosion  path. 

(10)  Character  of  walls,  roof,  and  timbering. 

(11)  Turns  and  curves  in  path  of  proposed  explosion. 

(12)  Proposed  branching  of  the  explosion  into  other  entries  by 
prearranged  loading. 

(13)  Coming  together  of  two  explosions  by  prearranged  loading. 
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(14)  Local  widening  of  explosion  passage. 

(15)  Number  of  side  openings,  such  as  cut-throughs,  not  dust  laden. 

(16)  Dustless  zones  of  various  lengths  in  path  of  explosion. 

(17)  Watered  zones  of  various  lengths  in  path  of  explosion. 

(18)  Stone-dust  zones  of  various  lengths  and  kinds  in  path  of 
explosion. 

(19)  Means  of  ignition  of  coal  dust,  such  as: 

(fl)  Blown-out  shots  of  various  intensities  with  various  explosives. 

(()  Explosion  of  fire  damp. 

(c)  Electric  arcs  or  glowing  wires  or  blowing  out  of  fuse. 

id)  Open  flame  when  dust  is  already  in  suspension  in  air. 

(20)  Length  of  mine  passage  used  in  test. 

(21)  Character  of  mine  passage — double  or  single  or  closed  at  one 
end,  that  is,  "in  the  solid." 

VABIABUE  EXPLOSION  CHABACTEBI8TICS  FOB  DBTEB3CINATION 

IN  EACH  TEST. 

Variable  explosion  characteristics  subject  to  determination  in  each 
test  are  as  follows: 

(1)  Velocity  of  flame  at  different  stages  of  explosion. 

(2)  Velocity  of  pressure  waves  at  different  stages  of  explosion. 

(3)  Relative  position  of  flame  and  of  pressure  waves. 

(4)  Rise  and  fall  of  pressure,  above  and  below  the  atmospheric, 
at  different  points  in  the  course  of  an  explosion. 

(5)  Composition  of  gases  at  various  stages  of  an  explosion,  the 
samples  being  gathered  automatically. 

(6)  Temperature  of  explosion  at  different  stages,  as  determined  by 
thermocouples,  or  by  strips  of  metal  of  different  melting  points. 

(7)  Composition  of  coke  and  ash  residues  from  explosion,  and  their 
position  with  reference  to  direction  of  explosion. 

(8)  Manifestations  of  violence. 

PBOBLBHS   TO   BE    INVBSTiaATED   AFTER   DETERMINATION   OF 
STATED  VARIABLES. 

Below  are  enumerated  problems  that  the  bureau  will  investigate 
after  having  determined  satisfactorily  the  influence  of  the  variables 
mentioned  above: 

(1)  Length  of  dust-laden  zone  (of  given  cross  section)  measured 
from  a  blown-out  shot  (of  certain  strength)  that,  through  the  ignition 
of  its  dust,  creates  sufficient  pressure  waves  to  raise  dust  beyond, 
and  thus  permit  propagation  of  the  explosion  beyond  the  influence  of 
the  blown-out  shot. 

(2)  Length  of  a  dust  cloud,  which,  when  ignited  by  an  arc  or  open 
flame,  will  cause  pressure  waves  to  stir  up  the  dust  beyond  and  cause 
a  propagation  of  the  ignition  or  inflammation. 
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(3)  The  circumstances  under  which  the  ignition  or  inflammation 
becomes  a  strong  explosion,  productive  of  violence. 

(4)  Possibility  of  producing  a  coal-dust  "explosion  wave"  or  "de- 
tonating wave"  of  permanent  maximum  velocity. 

(5)  The  presence,  origin,  and  character  of  reflex  waves  thrown  off 
from  the  main  explosion  pressure  waves  and  traveling  back  toward 
the  point  of  ignition. 

(6)  Chemical  reactions  taking  place  at  different  stages  of  an 
explosion. 

OUTLOOK  FOB  SOLUTION  OF  COAL-DUST  PBOBLBH8. 

The  solution  of  aU  the  problems  connected  with  coal-dust  explo- 
sions, as  outlined  above,  will  not  be  simple,  but  with  the  systematic 
prosecution  of  the  investigations  it  is  probable  that  the  determina- 
tions will  be  sufficiently  complete  to  enable  satisfactory  planning  of 
adequate  means  of  preventing  explosions  and  the  development  of 
valuable  secondary  safeguards. 

Meantime  testing  stations  in  France,  England,  Belgium,  Germany, 
and  Austria  are  prosecuting  similar  investigations,  and  through 
friendly  interchange  of  information  it  is  expected  that  the  advance 
will  be  more  rapid  than  would  be  made  by  the  bureau's  investiga- 
tors alone. 

OUTLZNB    OF    VARIOUS    TESTS    MADE    IN   THE    EXFBEIMBNTAL 

MINE. 

In  addition  to  the  explosion  experiments  described  in  this  report, 
a  considerable  number  of  tests  was  conducted  in  the  exterior  gallery 
to  determine  the  conditions  under  which  ignition  of  coal  dust  by  an 
electric  arc  could  be  obtained.  Subsequently,  while  the  mine  head- 
ings were  being  extended,  tests  were  made  to  determine  the  relative 
efficiency  in  blasting  coal  of  different  kinds  of  permissible  explosives, 
also  of  black  powder,  under  the  natural  conditions  offered  by  the 
mine.  With  a  view  to  determining  the  vitiation  of  mine  atmosphere 
by  the  use  of  these  explosives,  samples  of  their  gaseous  products  were 
obtained  and  analyzed.  Some  experiments  with  the  treatment  of 
coal  dust  by  calcium  chloride  for  prevention  of  ignition  were  made. 
An  important  series  of  tests  of,  two  types  of  gosoUne  locomotives  was 
conducted  with  a  view  to  testing  mechanical  control,  and  to  deter- 
mining to  what  extent  the  exhaust  vitiated  the  mine  atmosphere 
under  different  conditions  of  use  and  of  engine  adjustment.  To 
repeat,  then,  although  only  a  small  number  of  large  coal-dust  explo- 
sion tests  was  made,  the  mine  was  constantly  used  for  experiments. 

In  making  explosion  tests,  one  of  the  most  important  advantages 
connected  with  the  experimental  mine  as  compared  with  a  surface 
gallery  is  the  possibility  of  experimenting  on  coal-dust  ignition  when 
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small  quantities  of  methane  are  present  without  the  lai^e  wreckage 
that  would  be  liable  to  result  in  a  surface  gallery.  The  study  of  the 
effect  of  the  presence  of  small  quantities  of  methane  is  of  great 
importance;  probably  more  often  than  has  been  suspected,  methane 
has  been  present  in  an  amount  too  small  to  be  detected  by  a  safety 
lamp  yet  has  been  influential  in  the  first  ignition  and  propagation  of 
a  dust  explosion. 

Among  other  possibilities  offered  by  the  experimental  mine  when 
equipment  suitable  for  each  class  of  experiments  has  been  installed 
is  that  of  testing  the  relative  dust  production  of  different  kinds  of 
undercutting  machines,  and  of  investigating  the  safety  features  of 
undei^round  electrical  installations,  including  tests  of  devices  for 
greater  safety  in  the  use.  of  the  electric-trolley  locomotive,  and  of 
studying  problems  of  mine  ventilation,  such  as  the  efficiency  of  fans, 
doors,  and  stoppings,  and  the  determination  of  the  frictional  resistance 
to  the  passage  of  air  currents  offered  by  the  ribs,  roof,  and  timbering 
of  mine  entries  and  rooms.  The  figures  currently  used  as  coefficients 
of  friction  of  air  passing  through  underground  passageways  are 
approximations,  and  the  wide  range  of  values  of  the  coefficients  given 
by  different  authorities  shows  the  need  of  more  positive  determina- 
tions. Altogether,  the  possibilities  for  usefulness  of  the  experimental 
mine  are  limited  only  by  the  appropriations  that  may  be  available 
from  year  to  year. 

The  scientific  study  of  coal-dust  explosions  in  the  experimental 
mine  has  been  only  begun.  The  most  important  results  of  the  pre- 
liminary series  of  experiments  described  in  these  pages  have  been: 
(1)  To  convince  the  mining  pubUc  that  coal-dust  explosions  can  be 
produced  at  will  in  a  mine  as  well  as  in  a  gallery,  and  (2)  to  show 
that  relatively  violent  explosions  of  coal  dust  can  be  produced  by  a 
violent  means  of  ignition  in  a  comparatively  short  length  of  passage- 
way. The  second  result  is  of  importance  because  it  shows  the  neces- 
sity of  preventing  an  ignition  of  coal  dust  rather  than  of  attempting 
to  limit  an  explosion  by  zonal  treatment  except  as  the  latter  is  made 
a  secondary  safeguard. 
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The  setting  up  of  the  instruments,  their  wiring,  their  operation, 
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DESCRIPTION  OP  MINE  AND  EQUIPMENT. 

There  was  no  precedent  to  follow  in  developing  an  experimental 
mine  of  the  magnitude  desired.  At  SegengotteS;  Austria,  in  the 
Rossitz  coal-mining  district,  there  is  an  underground  testing  gallery, 
the  main  passage  of  which  was  an  abandoned  drainage  tunnel  lined 
with  stone  throughout.  It  is  293.7  meters  (964  feet)  long,  but  it  is 
narrow,  being  only  1.3  to  1.44  meters  (4 J  to  4§  feet)  wide,  and  the 
outer  end  terminates  in  a  group  of  houses.  Tests  of  the  inflamma- 
bility of  coal  dust  are  carried  on  in  the  inner  portion  of  the  gallery, 
but  owing  to  the  surrounding  conditions  large-scale,  violent  tests 
are  not  attempted.  Birmingham  University,  England,  has  for  the 
instruction  of  mining  students  in  the  use  of  breathing  apparatus  and 
lamps  some  undei^round  passages  in  an  old  mine,  but  these  are  not 
used  for  explosion  tests.  Henry  Hall,  an  inspector  of  mines  in  Great 
Britain,  experimented  with  coal  dust  in  1876  in  an  adit  that  was  135 
feet  long;  subsequently,  in  1890  to  1893,  he  conducted  series  of  coal- 
dust  explosion  tests  in  disused  shafts  about  200  yards  in  depth. 

The  many  surface  galleries  erected  in  the  past  for  experimenting 
with  coal  dust  are  described  m  Bulletin  20  of  the  Bureau  of  Mines." 

SELECTION  OF  A  MINE. 

The  requirements  considered  by  the  bureau  in  planning  for  an 
experimental  mine  were: 

(1)  The  mine  should  be  in  a  coal  bed  that  produced  dust  of  inflam- 
mable character  and  the  other  conditions  of  which  favored  the 
possibility  of  dust  explosions. 

(2)  The  mine  should  be  naturally  dry  and  preferably  self-draining 
so  as  to  allow  experiments  with  dry  coal. 

(3)  The  main  openings  of  the  mine  should  be  drifts,  so  that  com- 
plications from  possible  wreckage  of  a  shaft  would  be  avoided,  thus 
keeping  down  the  expense  and  permitting  a  quick  entrance  to  the 
mine  after  explosions. 

(4)  The  mine  should  be  as  free  as  possible  from  methane;  that  is, 
the  mine  atmosphere  should  contain  less  than  0.1  per  cent,  in  order 
that  experiments  might  be  made  in  an  atmosphere  practically  free 
from  inflammable  gas. 

•  Tbeexploflibility  of  coal  dust,  by  O.  S.  Rice,  with  chapters  by  J.  C.  W.  Frazer,  Axel  Laraen,  Frank 
BiM,  and  Cvl  Schols.    lOlL   aM  pp.    Revlsioii  of  U.  S.  Geological  Survey  BuU.  425. 

17 
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(5)  A  natural-gas  pipe  line  should  pass  near  enough  to  the  mine 
to  make  feasible  the  laying  of  a  branch  line  that  would  furnish  a 
supply  of  gas  (methane  and  ethane)  for  experiments  in  combination 
with  coal  dust  and  air  in  varying  proportions,  or  with  mixtures  of 
gas  and  air  only. 

(6)  A  good  water  supply  should  be  available  both  for  boiler  use 
and  for  fire  protection  as  well  as  for  experiments. 

(7)  The  location  should  be  accessible  to  a  railroad  so  that  the  coal 
produced  could  be  loaded  on  railroad  cars,  yet  should  be  so  isolated 
from  houses  or  other  buildings  that  violent  explosions  would  not 
endanger  them. 

After  much  search  these  requirements  were  all  met  by  a  site  near 
Bmceton,  Pa.,  13  miles  southwest  of  Pittsburgh,  on  the  Baltimore 
&  Ohio  R.  R.  Here,  the  well-known  Pittsburgh  coal  bed  outcrops 
along  the  sides  of  the  valley  of  Lick  Run.  In  a  side  ravine,  in  which 
there  is  a  small  stream,  a  place  in  the  outcrop  was  foimd  sufficiently 
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FiouBE  1.— Profile  of  main  entry  of  experimental  mine. 

back  from  the  main  frontage  to  allow  entrance  into  the  middle  of  an 
extensive  area  of  the  coal.  At  the  place  selected  for  the  drift  open- 
ings the  bed  dips  gently  to  the  north,  and  as  the  opening  entries  are 
driven  to  the  southwest  they  are  self-draining.  Many  samples  of 
mine  air  have  been  taken  and  no  appreciable  amount  of  methane 
has  been  found;  even  after  the  mine  has  been  sealed  for  14  hours  a 
maximum  of  only  0.06  per  cent  was  found  at  the  face  of  a  heading. 
The  drift  openings  are  high  enough  above  the  ravine  bottom  to 
provide  space  for  a  convenient  refuse  dump  and  for  other  features 
connected  with  the  development  of  a  mine.  The  hillside  above  the 
outcrop  rises  steeply,  so  that  there  is  a  good  cover  over  the  main 
headings.  The  crest  of  the  hill  is  132  feet  vertically  above  the  mine 
(fig.  1).  Across  the  ravine  in  front  of  the  mine  openings  there  is  a 
hillside  that  provides  a  natural  barrier  for  catching  material  thrown 
out  by  a  violent  explosion  and  deflects  the  air  waves  upward,  a 
protective  feature  of  great  importance  in  a  populated  district. 
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TJHDEBaBOXJND  DEVELOFMBNT. 

Drift  openings  were  started  in  December,  1910,  and  entries  were 
driven  into  the  coal  bed.  Drifting  proceeded  intermittently  up  to 
October,  1911,  when  the  first  series  of  coal-dust  tests  was  begun. 
The  underground  passages  then  consisted  of  two  main  parallel  entries 
a  little  more  than  700  feet  long,  each  9  feet  wide,  with  a  41-foot 
pillar  of  coal  between  them.  There  are  crosscuts  or  ''cut-throughs*'<» 
between  the  entries  every  200  feet.  A  diagonal  heading  198  feet 
long  connects  the  air  course  with  a  third  opening  (fig.  2);  it  enters 
the  air  course  at  an  angle  of  55^  at  a  point  117  feet  from  the  mouth  of 
the  air  course.  Fifty-five  feet  from  the  mouth  of  the  air  course  there 
is  a  fourth  opening,  an  air  shaft  that  is  offset  6  feet  from  the  entry. 
This  shaft  is  intended  for  ventilating  purposes  only,  while  the 
mine  is  being  developed,  or  as  an  auxiliary  opening  in  case  an  experi- 
mental explosion  should  wreck  the  other  openings.  The  diagonal 
heading  was  made  in  order  to  provide  an  opening  for  ventilation 
purposes;  it  was  turned  off  from  the  main  air  course,  with  the  expec- 
tation that  the  chief  force  of  an  explosion  wave  would  pass  directly 
out  of  the  air  course. 

The  main  entries  were  driven  in  the  coal  bed  ^'on  the  faces,"  that 
is,  at  right  angles  to  the  principal  vertical  cleavage.  These  entries 
are  of  the  usual  width  employed  in  working  the  Pittsburgh  bed,  nomi- 
nally 9  feet,  but  ranging  between  9  and  9i  feet.  It  was  first  intended 
to  place  the  cut-throughs  100  feet  apart,  but  owing  to  the  expense  of 
constructing  tight  stoppings  strong  enough  to  resist  explosions,  the 
distance  was  changed  to  200  feet.  In  driving  the  entries,  line  brat- 
tices are  carried  from  the  last  cut-through  up  to  the  face  of  each 
entry.  Fortunately  the  natural  roof  inby  the  concrete  lining  is 
sufficiently  strong  so  that  only  a  few  cross  timbers  have  as  yet  been 
necessaiy.  Side  posts  have  been  put  in,  not  to  support  the  roof  but 
for  attachment  of  the  side  shelves  on  which  to  lay  coal  dust.  In  the 
first  two  tests  these  posts  were  exposed,  and  hence  were  blown  down; 
subsequently  they  were  recessed  (PI.  II,  A)  into  the  coal  rib,  so  as 
not  to  be  exposed  to  the  violence  of  the  explosion.  Ordinary  mine 
tracks  of  42-inch  gage  are  laid  in  each  entiy  for  handUng  coal  cars 
and  for  use  in  making  tests  of  gasoline  and  electric  locomotives. 

BEIN70BGED  CONCRETE  LININa. 

The  main  entry  is  provided  with  an  arched  portal  of  heavily 
reinforced  concrete  (PI.  IE,  B,  and  figs.  3  and  4)  with  retaining  wall, 
wing  wallsy  and  buttresses  built  ''en  masse;''  the  walls  are  carried 
down  to  the  solid  formation,  and  the  buttresses  to  a  limestone  3^ 
feet  below  the  coal. 

a  Thii  term  is  emplojed  In  tlM  bituminous  ooal  mining  laws  of  Pennsylvania  of  1911. 
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The  reinforcement  consists  of  i-inch,  f-inch,  and  I -inch  round 
rods  of  mild  steel  placed  vertically,  diagonally,  and  horizontally. 
The  vertical  rods  are  set  in  drill  holes  in  the  limestone.     The  stresses 
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FioTTRX  2.— Plan  of  experimental  mine,  also  sur&ce  contouiw,  at  time  of  explosion  of  October  20,  1911, 
showing  path  of  mine  car  thrown  by  explosion. 

considered  were  (1)  those  due  to  forces  directed  outward  from  the 
mine^  and  (2)  a  bursting  pressure  acting  at  right  angles  to  the  axis  of 
the  entry  or  tunnel.    The  wing  walls  were  also  designed  as  retaining 
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A.    DUST  SHELVES  IN  MAIN  ENTRY. 


B.     FINISHED  PORTAL 
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walls  for  the  roof  shale  and  dirt  cover  over  the  arching  of  the  tunnel. 
Some  of  the  reinforcement  at  one  stage  of  construction  is  shown  in 
Plate  III,  A.  The  arrangement  at  the  entrance  provides  for  the 
future  addition  of  a  counterweighted  door,  sliding  vertically  in 
grooves,  for  use  in  special  experiments  requiring  a  perfectly  quiet 
atmosphere. 

It  was  intended  that  a  similar  entrance  should  be  placed  at  the  mouth 
of  the  air  course.  Owing  to  the  lack  of  funds  this  was  not  completed 
for  the  t^ts  of  the  first  series,  but  has  since  been  erected.  The  air- 
course  entrance  was  not  intended  to  be  used  for  explosion  tests  during 
the  first  series.     A  reinforced-concrete  portal  is  provided  for  the 
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Piouxi  3.— CroflB  section  of  reinforoed<ooncrete  portal  of  experimental  mine. 

diagonal  heading  similar  to  that  of  the  main  entrance  except  that  the 
walls  are  not  so  heavy,  the  heading  being  smaller  in  cross  section. 

It  was  necessary  to  line  the  outer  parts  of  the  entries  on  account 
of  the  poor  roof;  indeed  this  had  to  be  supported  by  heavy  timber 
while  the  entries  were  being  driven.  It  was  manifest  that  timber  for 
lining  would  not  be  satisfactory  in  explosion  tests,  as  the  timber  would 
be  likely  to  be  blown  out.  As  the  best  material  for  linmg  seemed 
to  be  reinforced  concrete,  a  type  of  lining  was  adopted  similar  to  that 
80  extensively  used  in  the  Bfithune  mines.  Pas  de  Calais  district, 
France,  as  designed  by  J.  Lombois,  principal  engineer.**    The  con- 

•  Lombob,!.,  R«T«t«ni0Dtflob4(oo  arnid  dee  bouvettes  tt  des  bures  aux  mioes  de  B^tiiuna:  BulLSoo. 
bl  HJiL,  wr.  4,  ToL  6, 1907,  pp.  10^206. 
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Crete  on  the  side  walls  is  7  to  9  inches  thick,  and  thicker  in  places 
where  irregularities  in  the  natural  walls  required  the  filling.  The 
arch  is  made  7  inches  or  more  thick.     As  it  was  necessary  to  have 
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the  lining  strong,  the  concrete  mixture  was  made  relatively  rich, 
being  1  part  Portland  cement  to  2  parts  sand  and  4  parts  gravel. 

The  reinforcing  bars  of  the  arch  are  |-inch  square  steel  rods,  placed 
6  inches  apart  in  that  part  of  the  entry  close  to  the  mouth  and  32 
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A.     REINFORCEMENT  OF  PORTAL. 


B.     OBSERVATORY  AND  OTHER  BUILDINGS. 


a     EXTERNAL  EXPLOSION  GALLERY. 
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inches  apart  farther  in.  The  arches  were  made  in  two  halves,  each  half 
extending  from  the  foundation  to  the  center  of  the  crown,  where  they 
were  joined  together  by  a  bolt  passing  through  a  loop  in  the  end  of 
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GALLERY  TUNNEL  NEAR  ENTRANCE 
FiGUBB  5.— Cross-sectional  views  of  mine  gallery. 

each  half  arch.  The  horizontal  reinforcement  consists  of  }-inch  rods 
placed  12  inches  apart  (see  fig.  5)  and  wired  to  the  arch  rods  at  the 
intersections.     The  concrete  lining  was  put  in  place  over  forms  of  col- 
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lapsible  type  which  could  be  moved  from  point  to  point  as  the  work 
advanced.    These  forms  were  similar  to  those  designed  by  Lombois.*" 

While  the  concreting  material  of  the  lining  was  beiug  placed, 
bolts  were  inserted  for  the  support  of  five  shelves  on  each  side  to  be 
used  in  coal-dust  explosion  e^i^perimente.  There  was  also  laid  behind 
the  wall  a  4-inch  steel  pipe  in  which  were  placed  electrical  cables,  a 
2-inch  pipe  for  a  compressed-air  line,  and  a  2-inch  water  main  with 
hydrant  boxes  every  100  feet.  The  arched  lining,  which  is  finished 
smooth,  is  8  feet  wide  in  the  clear,  and  7  feet  Q  inches  high  from  the 
top  of  the  track  ties  to  the  arch;  near  the  entrance  the  roof  has  a 
slight  rise  and  the  floor  descends,  so  that  the  arch  is  8  feet  high  at 
the  portal.  The  diagonal  heading  or  gallery  is  smaller,  being  6  feet 
4  inches  wide  and  6  feet  4  inches  high  (fig.  5). 

In  constructing  the  lining  in  the  outer  part  of  the  main  entry  and 
in  the  diagonal  heading  or  gallery,  the  preliminary  timbering  had 
to  be  left  in  place  above  the  arching  as  the  roof  was  too  weak  to 
allow  its  removal.  Adjacent  to  the  portals  the  arches  were  con- 
structed in  the  open;  they  were  afterwards  covered  with  dirt,  which 
was  filled  in  to  the  top  of  the  retaining  walls.  During  the  first  series 
of  experiments  the  concreting  was  extended  into  the  main  entry, 
making  its  total  length  169  feet;  the  entire  diagonal  heading,  198 
feet  long,  was  lined,  and  in  the  air  course  there  was  a  lining  from  a 
point  20  feet  outby  the  connection  with  the  diagonal  heading  or 
gallery  to  a  point  65  feet  inby  the  junction.  At  the  wide  space  at  the 
junction  the  roof  had  been  supported  with  railroad  rails  which  were 
left  in  to  supplement  the  strength  of  the  reinforced  lining. 

THE  PITTSBXTBGH  COAL  BED. 

The  Pittsburgh  bed,  in  quality,  extent,  and  uniformity,  is  one  of 
the  most  remarkable  coal  beds  in  the  United  States,  if  not  in  the 
world.  It  extends  southwestward  from  the  vicinity  of  the  city  of 
Pittsburgh  to  the  middle  of  West  Virginia,  where  there  are  scattered 
areas  in  the  hilltops,  a  distance  of  about  125  miles;  on  the  west  it 
extends  into  Ohio;  the  width  is  75  to  100  miles,  but  not  all  of  this 
area  is  underlain  with  the  Pittsburgh  bed,  as  in  places  the  coal  is 
cut  out  in  the  valleys  of  the  lai^er  streams  and  on  some  of  the  anti- 
clines that  separate  the  several  basins.  Although  varying  in  different 
basins,  in  any  one  basin  the  coal  is  remarkably  regular  in  quality 
and  thickness.    In  certain  areas  the  bed  produces  the  highest  grade 

a  LomboiB,  J.,  Revetement  en  Mton  ann4  6m  bouvettes  et  d«  buras  aoz  xnineB  de  B^thtine:  Bull.  Soc. 
iDd.  MJn.,  Bar.  4,  voL  6,  ig07«  pp.  19fr-206.  The  leinfaroeinfiiit  wbb  placed  in  the  ooncrete  arch  to  help  sup- 
port the  roof.  It  was  thought  that  the  weight  of  the  roof,  together  with  its  resistance  to  shear,  could  be 
overcome  by  the  upward  pressure  of  an  explosion.  This  proved  not  to  be  true;  the  arch  and  roof  lifted, 
cauataig  the  arch  rods  to  break  through  the  facing  (see  PL  vm,  C).  In  future  construotlOii  the  arch 
reinforcement  will  be  placed  farther  from  the  face  of  (he  concrete,  and  the  arch  thldoMied  to  resist  the 
force  of  an  explosion. 
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of  coking  coal,  the  coal  from  the  CoimellBville  district  making  the 
standard  coke  of  the  country;  in  other  basins  or  districts  the  bed 
produces  gas  and  steam  coals.  The  thickness  ranges  from  5  to  10  feet, 
but  in  any  one  basin  the  thickness  varies  little. 

At  the  experimental  mine,  which  is  in  the  so-called  '' gas-coal" 
district,  the  bed  is  5  to  6  feet  thick,  averaging  about  5}  feet.  Above 
the  coiJ  there  is  a  layer  of  soft  shale  ("draw  slate")  a  few  inches  to 
2  feet  in  thickness,  averaging  about  IJ  feet.  This  "draw  slate" 
falls  or  is  pulled  down  with  the  pick  as  soon  as  the  coal  has  been 
removed.  In  some  places  it  has  to  be  brought  down  by  light  shots. 
Above  the  "draw  slate"  there  is  a  "top  coal"  or  roof  coal  1  to  2 
feet  thick;  it  in  most  places  is  shaly,  and  in  the  district  in  which 
the  experimental  mine  is  located  it  is  not  sufficiently  pure  to  be 
r^ularly  taken  down  and  used  for  fuel  purposes.  This  top  coal, 
when  not  broken  by  blasting,  makes  a  good  roof,  except  near  the  out- 
crop. The  main  roof  above  the  top  coal  consists  of  shales  of  little 
strength ;  in  some  places,  but  not  in  the  vicinity  of  the  experimental 
mine,  the  Pittsburgh  bed  is  overlain  with  a  strong  sandstone.  The 
floor  is  clay,  which  is  hard  when  first  mined,  but  subsequently  air- 
slacks.  At  the  mouth  of  the  experimental  mine  the  clay  is  2  to  3 
feet  thick  and  is  underlain  with  a  limestone  stratum. 

The  coal  bed  proper  at  the  experimental  mine  is  free  from  continuous 
partings  except  for  two  thin  bands  of  shale  about  3  inches  apart,  a  little 
below  the  middle  of  the  bed.  The  upper  band  is  one-eighth  to  three- 
fourths  of  an  inch  thick  and  the  lower  three-fourths  to  one  and  one- 
fourth  inches  thick.  The  "faces"  or  "butts"  of  the  coal  (PL  IV,  A)  are 
strongly  marked  throughout  the  whole  Pittsburgh  coal  bed  and  are  of 
great  importance  in  mining.  The  coal  itself  is  fairly  hard,  but  owing 
to  the  planes  of  cleavage  it  tends  to  break  to  cubical  pieces  (PI.  IV,  B) 
in  blasting  and  in  subsequent  handling.  The  regular  method  of 
mining  in"  the  Pittsburgh  district  consists  of  undercutting  the  coal 
either  by  hand  or  with  machines,  generally  the  latter,  and  then 
blasting  down  with  two  shots  in  entry  work,  or  two  to  three  shots 
in  the  rooms.  In  general,  through  the  gas  and  steam  coal  districts 
about  one-third  of  the  coal  produced  is  nut  coal  or  finer,  and  two- 
thirds  is  "lump." 

The  average  proximate  analysis  of  coal  from  the  Pittsburgh  bed 
from  face-section  samples  gathered  in  the  experimental  mine  is  as 
follows: 

Hoifture 2.7 

Volatile  matter 36.0 

Fixed  carbon 65. 0 

AA 6.3 

100.0 
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The  average  ultimate  analysis  is  as  follows: 

Hydrogen 5.38 

Carbon 76.16 

Nitrogen 1 .  53 

Oxygen 9.23 

Sulphur L40 

A8h 6.30 


100.0 

ST7BFACB  BQX7IPMSMT  OF  THB  MINB. 

The  surface  equipment  of  the  experimental  mine  consists  of  an 
external  explosion  gallery,  ventilating  fans,  a  power  plant,  a  coal-dust 
and  rock-dust  crushing  and  grinding  plant,  an  observatory  and  con- 
trol station  in  which  recording  instruments  are  placed,  an  incline,  a 
coal  tipple  and  chute  for  loading  railroad  cars,  a  reservoir,  pump 
house,  blacksmith  shop,  bam,  tool  house,  and  a  water-tank  and 
hydrant  system  for  fire  protection. 

EXTERNAL  EXPLOSION  GALLERY. 

The  explosion  gallery  (PI,  III,  C)  consists  of  a  steel  tube  6  feet  4 
inches  in  internal  diameter  and  122  feet  long,  set  in  line  with  the 
diagonal  heading,  or  "gallery  slant,"  and  20  feet  from  its  mouth. 
Between  the  tube  and  the  mine  portal  there  is  a  U-shaped  passage 
(fig.  6)  of  heavily  reinforced  concrete;  it  has  the  same  diameter  (6  feet 
4  inches)  as  the  steel  tube  and  the  diagonal  heading.  The  roof  of  this 
passage  is  closed  by  flat  plates  resting  loosely  on  2^-inch  round  tie 
rods  (connecting  the  tops  of  the  concrete  walls)  and  when  necessary 
is  weighted  down  with  sandbags.  This  loose  covering  is  20  feet  long 
by  6  feet  4  inches  wide  and  serves  as  a  great  relief  valve  for  the  pro- 
tection of  the  tube  and  ventilating  fan  in  case  of  a  very  violent 
explosion  in  the  mine. 

In  order  to  make  the  external  steel  gallery  available  for  small 
explosion  experiments  outside  the  mine  itself,  the  inner  20-foot 
section,  adjacent  to  the  U-shaped  passage,  can  be  rolled  to  one  side; 
then,  after  the  mouth  of  the  diagonal  heading  has  been  closed,  the 
steel  gallery  is  isolated  from  the  mine  and  tests  can  be  conducted  in 
it  without  interfering  with  work  in  the  mine.  During  such  periods 
mine  ventilation  is  carried  on  by  means  of  a  fan  set  at  the  top  of  the 
air  shaft.  The  steel  gallery  when  thus  isolated  is  102  feet  long  and 
has  practically  the  same  dimensions  as  the  gallery  for  testing  explo- 
sives at  the  Pittsburgh  station.  There  is,  however,  one  difference. 
The  outer  end  of  the  steel  gallery  at  the  mine  is  left  open  except  for  a 
board  or  plank  stopping  which  can  be  sUd  into  place  in  the  con- 
crete framework.  This  stopping  is  to  provide  for  relief  of  violent 
pressure  and  therefore  is  made  comparatively  thin  (of  2  to  4  inch 
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A.    UNDERCUTTING  A  BREAK-THROUGH. 


B.     COAL  BROUGHT  DOWN  BY  SHOT 
Note  characteristic  cleavage. 
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plank)  in  order  that  it  may  break  and  thus  lessen  the  strain  on  the 
tube.  Twenty-five  feet  from  the  outer  end  of  the  gallery  there  is  a 
branch  (fig.  2)  6  feet  4  inches  in  diameter,  set  at  an  angle  of  60*^. 
This  branch  is  for  connection  to  a  fan  for  use  in  producing  a  venti- 
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lating  current  either  at  the  time  of  an  explosion  or  in  the  ordinary 
mine  operations. 

CANNON  FOB  IGNITION   SHOTS. 

For  testing  explosives  or  for  coal-dust  ignition  a  special  cannon 
similar  to  those  used  at  the  Pittsburgh  station  is  employed.  The 
cannon  has  a  bore  hole  2^  inches  in  diameter  and  18  inches  deep; 
it  is  mounted  on  a  truck  which  can  be  wheeled  to  the  outer  end  of 
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the  steel  tube,  so  that  the  cannon  can  point  into  it  through  a  hole  in 
a  heavy  plank  stopping.  The  truck  has  the  same  gage  as  the  mine 
tracks,  so  the  cannon  can  also  be  used  in  the  mine  for  making  a  teat 
in  which  the  equivalent  of  a  blown-out  shot  is  desired.  Although 
long-flame  explosives  like  black  powder  or  dynamite,  when  used  in 
coal-face  shots  and  so  prepared  that  they  will  blow  out,  will  readily 
ignite  bituminous  coal  dust  of  sufficient  purity  and  quantity,  it  was 
found  best  for  experimental  purposes  to  start  experunental  explosions 
by  means  of  a  blown-out  shot  from  the  cannon  in  order  to  obtain 
uniform  initial  pressures.  Another  advantage  gained  by  the  use  of 
the  cannon  is  that  coal-dust  explosions  can  be  originated  at  any  pre- 
determined point  along  an  entry  or  heading  of  the  mine,,  thus  giving 
conditions  similar  to  those  that  may  occur  when  a  ''brushing''  shot 
is  fired  in  an  entry  or  airway. 

VENTILATING   SYSTEM. 

It  is  intended  to  have  the  ventilation  at  the  mine  such  that  it  will 
be  possible  to  duplicate  almost  any  condition  liable  to  occur  in  an 
ordinary  mine.  The  entries  are  double,  thus  allowing  a  r^ular 
coursing  of  the  air.  In  future  some  stub  entries  will  be  driven  to 
permit  experimenting  in  a  stagnant  atmosphere. 

The  fan,  which  is  now  (March,  1912)  on  hand  but  not  yet  in- 
stalled, is  a  centrifugal  fan  of  standard  make.  It  is  designed  for  a 
capacity  of  80,000  cubic  feet  of  air  per  minute  at  a  pressure  of  2 
inches  water  gage,  or  15,000  cubic  feet  of  air  per  minute  at  a  pressure 
of  6  inches  water  gage.  It  will  be  driven  by  a  100-horsepower  steam 
engine;  a  belt  connection,  instead  of  direct  connection,  will  be  used, 
as  the  former  provides  greater  flexibility  in  case  of  a  serious  concus- 
sion or  a  sudden  stoppage  of  the  fan  through  violence.  The  fan  is 
reversible  and  will  be  mounted  at  the  end  of  the  branch  of  the  exter- 
nal steel  gallery.  There  will  be  several  relief  doors  in  addition  to  the 
protection  afforded  the  fan  by  its  being  set  to  one  side  of  the  gallery. 
Unlike  the  practice  at  foreign  testing  galleries,  at  which  the  fan  is 
cut  out  by  valve  arrangements  a  few  moments  before  an  explosion 
is  started,  it  is  proposed  to  run  this  fan  during  an  explosion  in  order 
to  parallel  conditions  that  occur  in  mine  disasters. 

Unfortunately,  sufficient  funds  were  not  available  for  erecting  the 
large  fan  before  the  first  series  of  explosion  tests,  so  that  a  small  fan 
was  temporarily  set  up  in  place  of  the  large  one.  The  small  fan  has  a 
capacity  of  5,000  to  10,000  cubic  feet  of  air  per  minute  at  pressures 
of  1-inch  and  J-inch  water  gage  and  is  run  by  a  gas  engine.  It  was 
originally  placed  near  the  top  of  the  air  shaft  and  connected  therewith 
for  the  ventilation  of  the  mine  under  ordinary  conditions,  as  in  entry- 
driving.    It  was  removed  from  the  air  shaft  and  connected  with  the 
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tube  during  the  first  serieft  of  tests.     It  will  be  rMum^  to  the  air 
shaft  when  the  larger  fan  has  been  erected. 

There  has  been  much  contention  among  mining  men  as  to  the  effect 
of  a  ventilating  current  on  the  initiation  and  propagation  of  a  dust 
explosion.  Some  claim  that  a  dust  explosion  always  ''goes  against 
the  air^*;  that  is,  advances  toward  the  intake  air  on  account  of  the 
additional  oxygen  it  meets  in  an  opposing  current  of  fresh  air.  They 
claim  further  that  this  condition  has  most  effect  in  wintertime  when 
the  intake  air  is  colder  than  the  return  air  and  hence  has  greater 
density  and  contains  more  oxygen  per  cubic  foot.  Others  have 
thought  that  the  reason  that  coal-dust  explosions  are  more  apt  to 
traverse  the  intakes  than  the  returns  is  that  the  intake  air,  cold  and 
carrying  little  moisture,  dries  the  coal  dust,  whereas  the  return  air  is, 
as  a  rule,  nearly  saturated,  and  the  coal  dust  in  the  return  passageways 
is  apt  to  be  damp.  Many  have  believed  that  it  was  a  case  of  the 
explosion  seeking  the  dry  coal  dust,  whether  this  is  to  be  found  on 
intake  or  return.  Further,  some  have  suggested  that  a  high  velocity 
of  the  air  current  greatly  increases  both  the  risk  of  a  dust  explosion 
and  its  violence.  By  conducting  identical  tests  except  for  the  direc- 
tion of  the  air  current,  one  set  of  tests  with  the  air  moving  in  one 
direction,  with  different  velocities,  and  another  set  with  the  air 
moving  in  the  other  direction  but  with  similar  velocities,  the  influence 
of  the  direction  and  the  quantity  of  air  current  can  probably  be 
determined  within  reasonable  limits. 

POWER  PLANT. 

The  power  plant  consists  of  one  GO-horsepower  boiler  of  locomotive 
type,  placed  in  a  galvanized-iron  boiler  house  sufficiently  large  to 
permit  the  erection  of  a  duplicate  boiler.  There  are  the  necessary 
steam  appliances,  hot-water  heater,  pump,  and  other  fittings.  The 
engine  plant  is  in  an  annex  to  the  boiler  house,  and  consists  of  an 
8-horsepower  steam-generator  set,  the  speed  regulation  of  which  is 
close  with  change  of  load. 

The  generator  set  is  for  the  purpose  of  supplying  electricity  for  the 
recording  instruments  and  for  lighting  the  mine,  stations,  and  build- 
ings. It  is  expected  that  in  the  future  a  sufficiently  large  generator 
set  will  be  instaQed  to  enable  experiments  to  be  made  with  electric 
machinery,  electric  motors,  and  electric  coal  cutters.  Since  the  first 
series  of  tests,  a  single-stage  air  compresspr  with  a  capacity  of  174 
cubic  feet  of  air  per  minute  at  atmospheric  pressure  and  capable  of 
compressing  to  100  pounds  has  been  installed  for  the  immediate 
purpose  of  running  a  "puncher"  air  machine.  In  the  next  series  of 
experiments  compressed-air  jets  assisted  by  the  fan  will  be  tried  for 
cleaning  the  dry  dust  and  soot  from  the  shelves  and  the  walls  of  the 
entries. 
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COAL-DUST  AND  BOCK-DXJST  aBDn)INa  PLANT. 

For  extensive  coal-dust  experiments  such  as  have  been  planned,  a 
large  quantity  of  coal  dust  will  be  required.  For  example,  if  2,000 
feet  of  entry  is  to  be  loaded  with  coal  dust  to  an  extent  of  2  pounds 
per  linear  foot,  4,000  pounds  or  more  will  be  necessary.  SuiEcient 
coal  dust  made  in  the  ordinary  way  can  not  be  easily  obtained,  nor 
is  it  uniform  when  procured.  Therefore  the  dust  is  made  artificially 
from  the  coal  mined  at  the  face.  In  order  to  obtain  comparable 
results  when  making  coal-dust  explosion  tests,  the  coal  after  having 
been  crushed  is  uniformly  ground  until  95  per  cent  of  it  will  pass 
through  a  100-mesh  sieve,  as  determined  by  frequent  tests  of  sam- 
ples. During  the  first  series  of  experiments  the  crushing  and  grind- 
ing machinery  had  not  been  completed,  and  the  coal  dust  had  to  be 
ground  at  the  Pittsburgh  station.  For  the  second  series  all  of  the 
dust  will  be  ground  in  the  mine  plant. 

The  crushing  and  grinding  plant  is  housed  in  a  building,  the  first 
story  of  which  is  concrete,  the  upper  part  being  of  galvanized  iron  on 
wood  framing. 

The  coal,  or  the  rock  if  rock  dust  is  desired,  is  transported  in 
mine  cars  to  the  second  floor  of  the  building  and  shoveled  on  a  bar 
screen  with  4-inch  spaces,  and  the  larger  pieces  are  broken  by  sledge 
until  they  pass  through;  a  hopper  receives  the  screened  material  and 
delivers  it  to  a  hammer  crusher  which  breaks  it  into  smaller  pieces 
three-eighths  of  an  inch  in  diameter  and  finer.  From  the  crusher 
the  coal  is  taken  by  an  elevator  to  a  bin  that  feeds  the  pulverizer. 

The  pulverizer  is  an  impact  machine.  Its  essential  part  is  a  beater 
with  two  blades,  which  revolves  in  a  steel-lined  box  at  a  speed  of  2,700 
revolutions  per  minute.  The  blades  break  and  pulverize  the  material, 
and  act  as  fans,  the  effect  of  which,  assisted  by  the  suction  from  a 
large  fan  above,  is  to  lift  the  finely  ground  material  through  a  conical 
separator  provided  with  deflectors.  The  air  current  rising  through 
the  separator  with  a  lessening  velocity,  caused  by  the  enlarging  cross 
section,  has  a  sorting  action;  the  coarser  particles  drop  back  and  the 
finer  dust  is  drawn  upward  to  the  fan.  There  are  dampers  at  the  top 
of  the  separator  which  can  be  adjusted  to  control  the  air  current  and 
cause  the  coarser  dust  to  fall  back  to  the  beaters  for  finer  grinding. 
On  passing  through  the  fan  the  dust  is  blown  into  a  large  upright 
pipe  which  connects  above  to  a  ''cyclone''  collector  which  gathers 
all  but  the  lightest  dust.  The  lightest  dust  and  the  excess  air  from 
the  top  of  the  collector  are  blown  into  an  adjacent  collector  con- 
sisting of  a  large  number  of  cotton  tubes  or  ''stockings,"  by  means 
of  which  even  the  finest  dust  is  strained  out  as  the  air  discharges 
through  the  fabric.  The  dust  gathered  by  the  "cyclone''  and  the 
tubular  collectors  drops  through  pipes  into  a  tight  steel-plate  bin. 
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There  is  practically  no  loss  of  dust.  The  steel  bins  are  covered  in 
order  to  lessen  the  danger  from  an  explosion  of  dust  in  the  house,  and 
to  save  the  float  dust,  which,  when  pure,  is  probably  very  dangerous 
in  mines,  so  that  its  inclusion  with  the  coarser  dust  is  essential  in 
making  tests  of  the  explosibility  of  coal  dust. 

On  the  second  floor  of  the  house  there  is  a  mine-car  track  which 
runs  out  on  the  level  of  the  yard  sidings.  The  dust  bin  is  above  the 
track,  so  that  cars  can  be  loaded  and  taken  into  the  mine  with  little 
labor.  The  crushing  and  grinding  plant  will  also  prepare  rock  or 
shale  dust  to  be  mixed  with  coal  dust,  or  placed  on  shelves,  or  used 
in  other  ways  in  the  tests  for  preventing  or  checking  coal-dust 
explosions. 

COAL-HANBLING  BQTJIPMBNT. 

When  entries  or  rooms  are  being  driven,  the  loaded  coal  cars  are 
hauled  from  the  mine  by  mules  or  by  gasoline  motors.  The  track 
has  a  slight  down  grade  from  the  mine  to  passing  tracks  in  the 
vicinity  of  the  boiler  house,  grinding  house,  and  blacksmith  shop, 
into  each  of  which  cars  may  be  run  for  the  easy  handling  of  timber 
and  other  material.  At  the  lower  end  of  the  yard  there  is  a  gas- 
engine  hoist  for  lowering  the  mine  cars  down  an  incline  to  the  tipple 
and  pulling  back  the  empty  cars. 

As  coal  is  mined  only  in  extending  the  headings  and  in  preparing 
for  experiments,  the  tipple  structure  is  simple,  and  there  are  no 
screens. 

WATER  SUPPLT  AND   FIRE   PBOTECTION. 

There  is  a  rivulet  in  the  ravine  in  front  of  the  mine.  An  earth  dam 
has  been  thrown  across  to  make  a  reservoir.  The  water  is  of  good 
quality  for  boiler  supply.  A  steam  pump  discharges  the  water  into 
a  5,00()-gallon  tank  on  the  hillside  above  the  mine,  at  an  elevation 
that  gives  a  pressure  head  suitable  for  fire  fighting — 40  pounds  per 
square  inch  at  the  mine  hydrants. 

OBSERVATORY  AND  CONTROL  STATION. 

Situated  on  the  hillside,  commanding  a  view  of  the  three  entrances 
to  the  mine,  is  the  observatory  and  control  station  (PL  III,  B).  It  is 
built  of  reinforced  concrete,  the  roof  being  constructed  of  railroad 
rails  covered  with  concrete.  The  front  wall,  the  one  facing  the  mine, 
is  2  feet  thick,  and  has  small  windows  through  which  the  external 
evidence  of  the  experiments  can  be  watched  in  safety.  The  ex- 
ternal recording  instruments,  the  chronographs,  time  markers, 
circuit-breaker  recorders,  and  other  instruments,  as  well  as  the 
shot-firing  connections  and  firing  buttons,  are  in  this  building.  A 
detailed  discussion  of  the  instruments  is  given  in  the  section  of  this 
72322**— 13 3 
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report  entitled  '^  Description  of  Instruments  for  Measurement  of 
Velocity  and  Pressure." 

TJNBEBaBOTTNB  EQITIFHEin!. 

It  has  already  been  mentioned  that  tracks  are  run  through  the 
entries  to  allow  easy  handling  of  materials,  as  well  as  the  transporta- 
tion of  the  coal  mined  at  the  face.  The  mine  is  now  equipped  with  24 
coal  cars  and  one  car  for  concrete  work.  For  coal  cutting  there  is  a 
supply  of  hand  augers,  picks,  shovels,  and  other  tools.  Recently,  since 
the  end  of  the  first  series  of  tests,  an  air  compressor  has  been  added, 
also  an  air  '* puncher''  machine  with  which  a  5-foot  undercut  can  be 
made. 

A  2-inch  water  line  is  installed  along  the  main  entry,  and  another 
line  through  the  diagonal  heading  into  the  air  course.  These  pipe 
lines  are  placed  in  grooves  behind  the  concrete  lining,  or  where  there 
is  no  lining,  in  grooves  in  the  coal,  the  grooves  being  faced  with  con- 
crete. The  pipes  are  thus  protected  to  prevent  damage  during  ex- 
periments. There  are  hydrant  boxes  every  100  feet  for  attaching 
hose  for  fire  protection  and  for  washing  down  or  wetting  the  coal 
dust. 

COAL-DUST   SHELVING. 

Before  making  coal-dust  explosion  experiments  it  was  necessary 
to  plan  adequate  arrangements  for  loading  the  mine  headings  with 
coal  dust.  It  is  important  that  the  test  conditions  can  be  duplicated 
from  time  to  time.  In  the  surface  galleries  there  is  an  iron,  wood,  or 
concrete  floor,  which  can  be  swept  clean  after  an  explosion  test.  In 
the  Li6vin  gallery,  in  France,  the  dust  is  spread  on  the  floor  (con- 
creted at  the  inner  end,  wood  covered  at  the  outer  end),  and  the 
cleaning  is  accomplished  by  increasing  the  speed  of  the  fan  and  then 
raising  the  dust  with  a  compressed-air  jet  from  a  hose,  the  cleaners 
beginning  at  the  inner  end  of  the  gallery  and  with  the  jets  and 
ventilating  current  sweeping  the  dust  before  them.  In  mine  entries 
or  headings  it  is  much  more  difficult  to  arrange  for  placing  the  dust, 
because  frequently  the  floor,  ribs,  and  roof  are  damp.  The  roof  and 
ribs  are  uneven  except  in  the  concreted  sections,  which  form  a  small 
part  of  the  whole  mine.  The  floor  is  naturally  rough  on  account 
of  the  track  and  ballast. 

In  the  Altofts  gallery,  in  England,  the  coal  dust  was  placed  on 
light  temporary  shelving  of  one-half  by  5  inch  boards,  which  rested 
on  brackets  without  fastenings.  Whenever  there  was  an  explosion 
the  shelving  was  torn  down  and  broken  to  pieces.  This  shelving, 
however,  was  inserted  along  only  500  to  600  feet  of  gaJlery.  In 
much  longer  passageways,  like  those  of  the  experimental  minO; 
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replacement  after  each  experiment  would  be  too  slow  and  too 
expensive. 

For  the  experimental  mine  it  was  decided  to  use  fixed  and  some- 
what permanent  wooden  shelving  (PL  II,  A)  which  could  be  kept 
reasonably  dry  and  be- easily  cleaned.  The  shelving  is  made  heavy, 
of  3  by  4  inch  hard-pine  material,  in  order  to  lessen  breakage.  It  was 
thou^t  that  if  the  shelves  were  set  close  to  the  ribs  and  were  con- 
tinuous and  smooth,  like  the  rifling  of  a  gun,  they  would  not  be 
seriously  damaged.  This  generally  has  proved  to  be  the  case,  except 
that  shelving  in  front  of  an  opening  is  liable  to  be  broken  down. 
The  shelving  is  placed  with  the  3-inch  side  horizontal.  In  the  lined 
sections  bolts  were  set  in  the  concrete  wall  during  construction,  so 
that  each  16-foot  length  of  shelving  is  supported  by  three  f-inch 
bolts,  which  pass  through  the  timber;  the  bolts  are  drawn  up,  pressing 
the  shelving  tightly  against  the  concrete.  (See  fig.  5.)  In  the  unlined 
porticms  of  the  entry  8  by  8  inch  posts  are  used  to  support  the  shelves 
(PL  II,  A) ;  they  are  recessed  into  the  ribs  so  as  to  present  little  or 
no  projection  for  the  pressure  wave  to  strike.  However,  in  a  few 
tests  some  of  the  posts,  in  spite  of  being  wedged,  have  been  drawn 
out  of  the  recesses,  presumably  by  the  depression  wave  following  the 
explosion  waves.  It  has  therefore  been  necessary  to  anchor  the 
posts  to  the  ribs  by  bolts  set  into  drill  holes  in  the  coal  rib  and 
cemented. 

At  the  time  of  the  first  two  official  tests  the  shelving  arrangements 
had  not  been  completed,  so  that  it  was  necessary  to  set  up  temporary 
props  and  place  the  shelving  without  fastenings.  The  result  was  that 
in  the  tests  all  the  shelving  throughout  the  mine  was  thrown  down; 
some  of  it  was  broken,  and  many  pieces  were  blown  out  of  the  mine 
to  the  hillside  opposite. 

INSTBTTHENTS  USED  IN  THE  FIRST  SERIES  OF  TESTS. 

In  the  study  of  coal-dust  explosions  it  is  desirable  to  have  flame 
and  pressure  records  at  as  many  points  along  the  course  of  the  explo- 
sion as  practicable.  It  is  important  that  each  record  should  show 
the  rise  and  fall  of  each  pressure  or  depression  wave  that  passes  the 
recording  instrument;  it  is  equally  necessary  that  each  record  should 
have  the  same  time  intervals  marked  upon  it,  so  that  the  records 
made  at  successive  points  may  be  compared;  and  it  is  of  the  utmost 
importance  that  the  position  of  the  forward  point  of  the  flame  and  its 
duration  with  reference  to  the  curves  of  the  pressure  waves  shall  be 
obtained  at  the  various  stations.  The  instruments  used  at  Li6vin 
photograph  the  flame  directly  on  the  manometer  films  on  which  the 
pressure  records  are  photographically  recorded.  The  instruments 
used  at  Altofts  and  at  the  experimental  mine  in  this  series  of  tests 
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record  the  position  of  the  flame  by  a  separate  apparatus;  therefore, 
to  obtain  a  comparison  it  is  necessary  that  the  flame  records  have  the 
same  time  intervals  as  are  registered  on  the  pressure  manometer 
records.  The  French  method  has  the  obvious  advantage  of  the 
records  being  made  by  the  same  instrument. 

It  was  intended  before  the  first  series  of  tests  was  started  to  have 
all  the  various  kinds  of  instruments  used  in  the  foreign  testing  gal- 
leries, and,  if  possible,  to  design  and  make  new  instruments  better 
adapted  for  the  particular  conditions  at  the  experimental  mine,  but 
circumstances  prevented  getting  any  but  the  British  coal-dust  instru- 
ments, like  those  used  at  Altofts.  The  investigations  at  Altofts  and 
at  Li6vin  were  conducted  in  galleries  above  ground,  so  that  there  was 
little  difficulty  in  the  attachment  or  placing  of  delicate  recording 
instruments,  which  could  be  set  up  on  the  exterior  of  the  gallery  and 
connected  through  openings  in  the.  walls.  In  using  instruments  in 
the  experimental  mine  it  is  necessary  to  protect  them  from  the  action 
of  the  pressure  and  the  flame  from  an  explosion  by  placing  them  in 
special  chambers  (PL  V,  A,  and  fig.  7)  as  nearly  gas-tight  as  possible, 
lined  with  reinforced  concrete,  and  located  in  the  side  of  the  entry. 

RECORDIKO  MANOMETERS. 

For  recording  the  pressures  three  B.  C.  D.<*  manometers  similar 
to  those  designed  for  the  experiments  at  Altofts  were  purchased. 
Two  of  these  were  used  for  high  pressures  and  one  for  pressures 
below  atmospheric  pressure.  These  manometers  are  somewhat 
similar  in  principle  to  a  steam-engine  indicator  and  are  described  in 
detail  in  the  chapter  entitled  '*  Description  of  Instruments  for  Meas- 
urement of  Velocity  and  Pressure.'*  The  connections  from  the 
instruments  to  the  main  entry  are  made  through  a  heavy  ribbed  steel- 
plate  casting  1^  inches  thick,  which  is  designed  for  a  pressure  of  500 
to  600  pounds  per  square  inch.  The  casting  is  set  in  the  concrete 
wall  of  the  chamber  flush  with  the  side  of  the  entry.  The  instruments 
are  placed  on  a  wide  shelf,  with  sufficient  space  behind  them  to  allow 
manipulation.  The  cables  carrying  the  wires  for  the  electric  circuits 
are  in  a  4-inch  pipe  behind  the  concrete  lining  of  the  entry  and  enter 
the  instrument  chamber  under  the  shelving.  Access  to  the  chamber 
from  the  entry  is  had  through  a  side  passage.  The  entrance  door  is 
a  heavy  steel  casting,  designed  to  withstand  a  pressure  of  500  to  600 
pounds  per  square  inch.  The  construction  of  a  station  is  shown  in 
figure?. 

Four  instrument  stations  of  the  kind  described  were  constructed, 
two  in  the  diagonal  heading  and  two  in  the  main  entry.  These  sta^ 
tions  are  at  100-foot  intervals.    For  the  next  series  of  tests  addi- 

a  See  p.  67,  footnote. 
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4        INTERIOR   OF  INSTRUMENT  STATION.  SHOWING  B.  C.  D.  MANOMETER. 


B.     OlBRlS  ON  HILLSIDE  OPPOSITE  MINE  ENTRANCE. 
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FKuu  7.— Construction  of  instrument  chamber:  A,  front  elevation;  B,  vertical  section;  C,  plan. 
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tional  instrument  stations  will  be  constructed,  probably  at  intervals 
of  200  feet. 

MAXIMUM-PRESSURE   GAGES. 

In  the  later  tests  of  the  series  the  recording  manometers  were  sup- 
plemented by  maximum-pressure  gages."  They  are  similar  to  those 
used  by  Taff  anel  at  Li6vin,  being  of  the  type  employed  in  this  country 
and  abroad  in  gunnery  tests.  The  maximum-pressure  gages  are 
placed  in  boxes  with  iron-plate  fronts,  into  which  the  gages  are 
screwed,  and  are  set  in  the  side  of  the  entry  at  100-foot  intervals. 
The  explosion  pressure  acts  through  a  steel  plunger  upon  a  small 
copper  cylinder  or  column,  the  relative  compression  or  shortening  of 
which  measures  the  maximum  pressure  at  that  point.  As  the  copper 
cylinders  or  columns  furnished  with  the  pressiu'e  gages  had  not  been 
made  with  sufficient  care,  the  records  obtained  in  the  first  series  of 
tests  were  unreliable.  It  is  expected  that  gages  of  better  construc- 
tion will  be  used  in  the  future. 

VELOCITY-RECORDING  INSTRUMENTS. 

The  velocity  of  the  flame  and  that  of  the  pressure  wave  of  the 
explosions  were  measured  by  the  automatic  recording  on  the  chrono- 
graph of  the  respective  times  at  which  the  flame  or  the  pressure  wave 
passed  each  station.  The  stations  were  at  100-foot  intervals.  The 
recording  was  accomplished  by  placing  in  the  stations  pressure  circuit 
breakers  and  flame  circuit  breakers.  The  former  operate  by  the 
action  of  pressure  on  a  plunger,  breaking  a  circuit.  Two  different 
types  of  flame  circuit  breakers  were  used — the  detonator  type  and  the 
tin-foil  type.  They  are  fully  described  in  a  subsequent  section,  en- 
titled "Description  of  Instruments  for  Measurement  of  Velocity  and 
Pressure." 

The  circuit  breakers  above  described  are  placed  in  the  rib  in  air^ 
tight  concrete  boxes  with  hinged  steel  doors  CPl*  VI,  A).  The  circuit 
breakers  are  attached  to  the  doors,  so  that  when  the  doors  open  they 
may  be  readily  inspected  and  connections  made  to  wires  leading  to 
the  outside  observation  station. 

ELECTRIC   CABLES.* 

The  cable  carrying  the  wires  to  the  various  electrical  instruments 
runs  through  an  iron  pipe  set  in  a  deep  groove  in  the  coal.  The 
groove  is  faced  with  concrete  to  provide  protection  for  the  pipe  and 
support  for  the  coal  rib.  The  cable  is  cut  at  each  instrument  chamber, 
and  the  wires  are  connected  to  binding  posts  on  the  swtchboard  at 
the  back  of  the  chamber. 

a  Described  on  pp.  59, 60. 

b  See  also  discussion  under  section  entitled  "  Description  of  Instruments  for  Measurement  of  Velocity 
and  Pressure." 
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A.     CIRCUIT  BREAKERS  IN  SMALL  STATIONS. 


B,     OBSERVATORY  WIRING  CONNECTIONS. 


t\     RUPTURE  OF  LINING  OF  MAIN  ENTRV. 
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FIRINQ   CmCTTITS. 

Among  the  other  wires  of  the  cables  are  a  pair  of  firing  wires  that 
can  be  connected  to  form  a  circuit  in  the  observatory  and  thus  dis- 
charge the  igniting  shot.  In  the  first  two  ofiicial  experiments  this 
wiring  was  temporary,  but  subsequently  when  the  flame  and  pressure 
circuit  wires  were  i^talled  the  shot-firing  wires  formed  a  part  of  one 
of  the  cables  passing  through  the  pipe  in  the  rib. 

The  shot-firing  wires  are  separated  from  the  other  wires  at  the 
mouth  of  the  mine  and  enter  a  locked  switch  box.**  This  box  contains 
switches,  which  are  always  open  until  everyone  has  left  the  mine. 


Safety 

cot-oat 
box 


^    rtoDPto.-^        Mafa»«try       >^  »toPP'»g 


=1 


J I  II  \  ^SmaUim^umentstatloiw^      f 

FiouKB  8.— Electric  wiring  of  mine. 

At  the  observatory  there  is  another  switch,  also  in  a  locked  box. 
This  switch  is  closed  by  the  engineer  in  charge  of  the  experiment  after 
he  has  thrown  in  the  switch  at  the  mouth  of  the  mine;  that  is,  he  car- 
ries the  keys  to  both  boxes,  so  that  he  may  make  sure  that  everyone 
has  left  the  mine  before  he  throws  in  the  switches.  When  the  switches 
are  both  in,  the  firing  circuit  is  completed  by  pressing  a  button  that 
causes  the  shot  in  the  mine  to  be  discharged.  The  details  of  the  wir- 
ing are  given  in  a  subsequent  section  of  this  bulletin  and  a  diagram  of 
the  wiring  is  shown  in  figure  8. 

aAftar  tbe  flist  series  of  ezplosioDS  had  been  completed,  wltb  a  view  to  greater  saliety  the  installation 
was  cbanged.  Now  all  the  wires  enter  the  locked  box  and  ve  arranged  so  that  all  the  circuits  are  cut 
by  switches  when  men  aie  In  the  mine. 


Digitized  by  LjOOQIC 


38  FIBST  SERIES  OF  COAL-DUST  EXPLOSION   TESTS. 

OHBiaCAL  ANALYSES. 

In  order  to  study  the  chemical  processes  accompanying  an  explo- 
sion^  analyses  of  the  coal  dust  used  and  of  the  residual  solids  left 
after  the  explosion — ^that  is,  coked  dust  and  condensed  hydrocarbons — 
are  required  so  that  the  changes  in  the  composition  of  the  dust  and 
the  loss  in  gaseous  constituents  may  be  determined.  Representative 
samples  of  the  coal  dust  may  easily  be  taken  previous  to  an  experi- 
ment, but  it  is  not  so  easy  to  obtain  average  samples  of  the  solid 
residues  of  the  explosion,  and  it  is  practically  impossible  to  recover 
the  total  quantity  of  the  residues. 

APTEBDAMP  SAMPUKG. 

Samples  of  the  afterdamp  may  be  obtained  some  minutes  after  the 
explosion  by  men  wearing  oxygen  helmets  such  as  are  used  in  rescue 
work.  It  is  important,  however,  to  obtain  gas  samples  at  intervals 
during  the  explosion  as  weU  as  immediately  after  the  explosion. 

This  can  be  accomplished  only  with  the  use  of  automatic  appara- 
tus, like  that  used  in  the  investigations  at  Altofts  and  at  Li6vin. 

The  B.  C.  D.  automatic  sampler «  (PI.  VII,  A)  used  in  the  first 
series  of  tests  at  the  experimental  mine  was  opened  by  a  circuit  maker 
operated  by  pressure.  On  account  of  the  difficulty  in  predetermining 
accurately  the  relative  velocities  of  the  pressure  wave  and  the-flame, 
the  attempts  dining  the  first  series  to  obtain  gas  samples  during  the 
passage  of  the  flame  were  not  successful.  Also,  in  some  tests  the 
projecting  pipe  connections  were  carried  away  by  the  force  of  the 
explosion.  It  is  planned  in  future  experiments  to  have  gas  samplers 
operated  by  means  of  the  flame  circuit  makers,  to  have  no  projecting 
parts,  and  to  use  devices  for  quickly  closing  the  sampling  bottles  after 
the  sample  has  been  admitted. 

A  new  type  of  automatic  gas  sampler  is  being  developed  at  the 
Pittsburgh  station  for  taking  a  set  of  three  successive  samples  during 
or  following  the  passage  of  the  flame.  The  sampler  is  set  in  operation 
by  a  flame  circuit  breaker.  The  first  sample  is  taken  instantaneously; 
the  others  are  taken  at  predetermined  intervals  by  means  of  clockwork 
mechanism. 

•  See  ftill  description  undflr  "  Description  of  Instruments  for  Measurement  of  Velocity  and  Pressure." 
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A.     B.  C.  D.  AUTOMATIC  GAS  SAMPLER. 


B.     B.  C.  D.  AUTOMATIC  COMMUTATOR. 
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OENlStAIj  BESCRIPTION  OF  EXPERIMENTS. 
PTlKLnffTNABY  EXPLOSION   TRIALS. 

The  original  plan  was  to  make  explosion  experiments  at  intervals 
while  the  mine  was  advancing,  the  explosions  being  originated  in  the 
exterior  galleiy.  In  other  words,  the  ignition  of  coal  dust  was  to  be 
acoomplished  in  the  gallery  in  a  manner  similar  to  that  employed  at 
the  Pittsburgh  gallery,  namely,  by  simulating  a  blown-out  shot  of 
black  powder  or  dynamite  at  the  closed  end.  However,  the  farther 
end  of  the  Pittsburgh  gallery  was  open,  whereas  at  the  experimental 
mine  the  farther  end  of  the  gallery,  although  unobstructed,  pointed 
directly  into  the  mine.  The  cannon  for  simulatuig  the  blow-out  shot 
was  placed  against  a  plank  stopphig  that  closed  the  outer  end,  and  a 
hole  was  cut  through  the  stopping  opposite  the  bore  of  the  cannon. 

Coal  dust  was  placed  along  the  floor  of  the  gallery.  When  the  large 
relief  opening,  or  the  movable  section  for  connection  to  the  mine 
was  rolled  to  one  side,  there  was  no  difficulty  in  obtaining  ignitions 
similar  to  those  at  the  Pittsbui^h  gallery.  When,  however,  the 
large  openings  were  closed,  the  effect  was  striking.  The  plank  stop- 
ping was  burst  outward  by  the  effect  of  the  shot  and  the  dust  was 
inflamed  only  in  the  first  half  of  the  gallery.  On  strengthening  the 
stopping,  the  flame  was  projected  feebly  through  the  gallery,  but 
died  away  on  entering  the  mine.  Force  was  manifested  in  the  vicin- 
ity of  the  cannon,  breaking  some  of  the  heavy  planks  of  the  stopping 
and  throwing  down  a  sandbag  stopping  in  the  branch  to  the  fan,  but 
the  force  in  the  direction  of  the  mine  diminished  rapidly.  Seem- 
in^y  the  concussion  of  the  blown-out  shot  did  not  bring  the  coal 
dust  into  suspension  at  a  distance  from  the  cannon,  and  the  pressure 
developed  by  the  ignition  of  the  dust  near  the  cannon,  being  relieved 
by  the  breaking  out  of  the  stoppings,  was  not  sufficient  to  cause 
pressure  waves  large  enough  to  continue  to  raise  in  advance  coal 
dust  in  quantities  sufficient  to  sustain  propagation. 

EXPLOSION  TEST  1. 

Several  attempts  of  the  foregoing  sort  were  made  and  resulted  in 
considerable  damage  to  the  temporary  fan  casing.  As  the  time  was 
getting  short  for  preparing  a  public  demonstration  in  connection  with 
the  first  national  mine-safety  demonstration  on  October  30-31,  it  was 
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decided  on  October  24  to  see  whether  a  blown-out  shot  at  the  face 
of  the  main  entry  would  start  an  explosion.  The  result  was  sur- 
prisingly successful.  Flames  shot  from  every  opening,  and  there 
was  a  loud  report.  A  car  standing  60  feet  from  the  mouth  of  the 
entry  was  blown  off  the  dump,  evidently  being  lifted  over  a  gasoline 
locomotive,  as  indicated  from  certain  marks  on  the  locomotive. 
The  locomotive  was  moved  15  feet.  The  details  of  the  experiment  are 
reported  on  pages  66  to  69.  The  intensity  of  the  explosion  was  a  sur- 
prise to  the  observers.  Considerable  damage  was  done  to  the  mine, 
including  cracking  of  the  concrete  in  the  main  entry  and  in  the  air 
course  at  the  junction  of  the  diagonal  heading.  There  had  been  a 
6-foot  sandbag  stopping  in  the  air  course  at  this  point,  the  sandbags 
being  tightly  wedged  in.  As  the  explosion  came  outward  on  the  air 
course,  the  rush  of  the  gases  was  momentarily  arrested  by  the  stop- 
ping, which  probably  acted  like  a  water  hammer  to  produce  great 
increase  in  pressure,  causing  the  concrete  roof  to  be  lifted  and  to  lift 
up, with  it  the  upper  part  of  the  comer  pier.  A  piece  of  board  and 
some  brattice  cloth  were  blown  into  the  break  as  the  roof  lifted,  and 
when  it  dropped  it  nipped  the  cloth  and  stick,  as  shown  in  Plate 
ym,  A.  Meantime  the  sandbag  stopping  had  been  thrown  outward, 
some  of  the  bags  to  the  outside  of  tJie  mine.  After  the  rush  of  the 
hot  gases  to  the  outside,  there  was  a  return  wave  to  £Q1  the  partial 
vacuum;  this  carried  a  few  of  the  sandbags  inby  their  former  position. 

The  pressure  manometers  at  stations  150  and  50  feet,  respectively, 
from  the  mouth  of  the  mine  indicated  a  velocity  of  the  pressure  wave 
between  these  stations  of  1,954  feet  per  second.  In  this  test  the 
manometers  were  equipped  with  30-pound  springs.  The  pressure  at 
station  E  150^  exceeded  the  capacity  of  the  spring,  and  the  record  was 
interrupted  by  the  stylus  being  thrown  off  the  smoked  paper.  The 
actual  pressure  at  station  E 150  was  probably  greater  than  50  pounds. 
The  highest  pressure  recorded  at  station  E  50  was  40  pounds. 

The  chief  lessons  to  be  learned  from  this  first  formal  test  were: 

(1)  That  an  explosion  could  be  obtained  by  a  single  blown-out  shot 
at  the  face; 

(2)  That  the  reinforced-concrete  lining  was  not  sufficiently  strong 
In  itself  to  prevent  rupture  when  an  explosion  approached  the  deto- 
nating stage; 

(3)  That  the  instrument  stations  were  satisfactory  in  their  con- 
struction; 

(4)  That  the  general  arrangement  of  the  mine  was  very  satisfactory; 

a  Text  and  figure  referenoes  to  stations  £  50,  E 150,  etc.,  and  to  stations  O  200,  Q  300,  etc.,  refer  to  statioiM 
placed  in  the  entry  or  in  the  gallery  at  points  distant  from  the  mouth  of  either  the  number  of  feet  designated 
by  the  figures  attached  to  the  initial. 
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A.     RESULTS  OF  TEST  1   AT  JUNCTION  OF  SLANT  AND  AIR  COURSE. 


B.    BENT  1-INCH  STEEL  BAR,  SHOWING  LIFT 
OF  ROOF. 


C.     REINFORCING  ROD  PULLED  OUT  OF  CON- 
CRETE IN  ROOF  OF  MAIN  GALLERY. 
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(5)  That  temporary  shelving  for  coal-dust  load  was  unsatisfactory 
because  its  replacement  causes  serious  delays  in  conducting  consecu- 
tive experiments. 

EXPLOSION  TEST  2. 

Although  it  was  a  rainy  day,  probably  1,500  people  visited  the  mine 
to  witness  explosion  test  2  on  October  30, 1911.  Nearly  1,200  people 
went  through  the  mine  previous  to  the  test.  Unfortunately  delay 
was  experienced  in  discharging  the  igniting  shot  prepared  at  the  face 
of  the  main  entry.  This  delay  was  due  to  some  short  circuits  in  the 
shot-firing  lines,  probably  caused  by  visitors  accidentally  trampling 
on  the  wires.  Eventually  a  temporary  line  was  carried  into  the  mine 
and  the  blown-out  shot  was  fired.  The  resulting  explosion  was  most 
spectacular,  happening  as  it  did  on  a  dark,  rainy  night.  The  flame 
was  of  great  extent  and  most  vivid,  and  the  concussion  was  felt  in 
villages  4  miles  distant;  it  is  claimed  to  have  been  heard  at  Monon- 
gahela  City,  12  miles  distant.  * 

Details  of  this  test  are  given  on  pages  69  to  78. 

The  motors  driving  the  manometer  drums  failed  to  start  when  the 
switch  was  thrown  in  at  the  observatory,  so  that  no  record  of  the 
pressure  wave  was  obtained ;  only  the  maximum  pressures  were  indi- 
cated, which  were  26.5  pounds  per  square  inch  at  station  E  150  and 
21.3  pounds  at  station  E  50.  There  is  great  doubt  whether  these 
values  represent  the  maximum  pressures.  The  demonstrations  of 
violence  were  apparently  greater  than  in  the  previous  test,  in  which 
the  manometer  readings  showed  higher  pressures. 

The  lessons  to  be  drawn  from  this  experiment  are: 

(1)  Coal-dust  explosions  may  occur  when  the  atmosphere  is  nearly 
saturated  (the  relative  humidity  within  the  mine  was  over  90  per  cent) 
and  the  flioor,  ribs,  and  walls  are  damp,  but  not  wet,  provided  the 
coal  dust  is  dry  and  sufficiently  abundant. 

(2)  Temporary  shelving,  being  easily  wrecked,  is  too  expensive. 

(3)  There  were  too  few  recording  instruments  to  obtain  the  infor- 
mation necessary  to  study  satisfactorily  the  phenomena  of  a  dust 
explosion. 

(4)  The  magnitude  of  the  lateral  pressure  of  the  main  explosive 
wave  of  a  coal-dust  explosion  was  demonstrated  by  the  13-inch  lift 
of  the  concrete  arching  in  the  main  entry  near  station  E  50,  and 
by  the  lift  of  the  arching  in  the  diagonal  heading,  which  for  its 
entire  length  of  over  200  feet  was  lifted  bodily,  the  reinforcing  rods 
being  pulled  through  the  concrete.  This  lift  was  about  12  inches, 
judging  from  one  piece  of  reinforcement  that  was  doubled  back  on 
itself  (PL  VIII,  B).     Not  only  did  the  strength  of  the  lining  have  to 

•  An  aoooont  of  this  ezploskm  is  given  in  BoU.  44,  Bureau  of  Mines,  entitled  "First  National  Mine- 
fltfetyBemoostratlon,  Pittsbutgh,  Pa.,  Oct.  30  and  31, 1911,"  by  H.  M.  Wilson  and  A.  H.  Fay,  with  a 
r  on  *' The  BxidOBion  at  the  Experhnentai  Mine,'*  by  O .  S.  Rice,  1912,  pp.  29^1. 
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be  overcome,  but  also  the  weight  and  resistance  to  shearing  of  6  to  12 
feet  of  natural  strata,  shale  and  clay,  overlying  the  arching. 

The  breaking  of  the  lining  of  the  diagonal  heading  was  a  temporary 
misfortune,  as  it  prevented  resumption  of  experiments  in  originating 
explosions  at  the  mouth  of  that  heading,  both  because  of  the  weakness 
of  the  cracked  lining  and  because  the  breaks  allowed  groimd  water  to 
run  in  freely,  keeping  the  gallery  wet.  So  much  damage  was  done  in 
the  mine  that  several  weeks  was  needed  to  make  repairs.  While  the 
repairs  were  being  made,  the  permanent  shelving  was  put  in  place, 
the  small  stations  installed  for  the  circuit  breakers,  and  the  permanent 
wiring  put  through  a  line  of  4-inch  pipe  to  the  head  of  the  main 
entry.  For  safety,  the  pipe  was  set  in  a  groove  in  the  rib.  With 
the  small  force  of  laborers  permitted  by  limited  funds,  these  repairs 
and  improvements  were  not  completed  until  the  latter  part  of  Janu- 
ary, 1912,  when  the  mine  was  put  in  readiness  for  further  tests. 

EXPLOSION  TEST  3. 

In  order  to  test  the  new  permanent  shelving  it  was  decided  to  first 
try  explosions  limited  in  length  and,  if  these  were  successful,  to  in- 
crease successively  the  length  and  intensity  of  the  explosions.  The 
coal-dust  zone  in  test  3  was  therefore  made  only  84  feet  long — meas- 
ured from  the  face  in  which  was  the  blown-out  shot  to  the  outer 
end  of  the  zone. 

It  was  also  thought  advisable  in  this  series  of  experiments  to  make 
some  preliminary  tests  of  stone  dust  placed  on  shelves.  Such  experi- 
ments were  made  at  the  Altofts  gallery,  England,  also  independently 
and  more  fully  by  Taffanel  at  the  Lifivin  gallery,  where  a  special 
arrangement  of  them  is  termed  Tarrfit-barrage  C* arresting  barrier")- 
In  consequence  of  the  success  of  Taffaners  tests,  the  plan  of  using  the 
barriers  has  been  generally  adopted  in  French  mines.  The  * '  arresting 
barrier"  is  composed  of  10  or  more  shelves  about  one-half  meter  (20 
inches)  wide.  Finely  ground  rock  or  shale  dust  is  heaped  upon 
them.  The  shelves  are  placed  sufficiently  high  to  give  clearance  for 
the  cars,  but  a  small  space  is  left  between  the  heaped-up  dust  and 
the  roof,  each  shelf  and  the  heaped-up  dust  occupying  about  10  per 
cent  of  the  cross  section  of  the  entry.  The  arrangement  is  such  that 
when  an  explosion  strikes  the  barrier  the  shelves  are  knocked  down 
or  demolished  and  the  dust  thrown  into  the  air,  forming  what  has 
sometimes  been  termed  ''a  dust  curtain,"  which  in  the  Lifivin  gallexy 
has  been  found  to  check  or  stop  the  explosion. 

For  test  3,  made  January  31,  1912,  a  set  of  ** arresting-barrier" 
shelves  was  placed  in  the  air  course  unmediately  outby  the  inmost 
cut-through,  which  was  left  open  for  ventilation.  As  the  coal-dust 
loading  was  limited,  the  explosion  or  inflammation  was  small  and  with- 
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out  violence.  The  eflFects  on  guncotton  tufts  suspended  at  intervals 
along  the  entry  indicated  that  the  flame  traveled  over  159  feet  from 
the  point  of  origin,  or  nearly  double  the  length  of  the  coal-dust  zone. 
The  branch  flame  that  extended  through  the  open  cut-through  was  63 
feet  long,  and  did  not  extend  through  the  barrier.  The  latter  result, 
however,  was  not  conclusive,  as  the  stone  dust  was  very  little  dis- 
placed. There  were  no  indications  of  violence.  For  details  of  this 
test  see  pages  78  to  80. 

EXPLOSION  TEST  4. 

Test  4  followed  test  3  on  the  same  day  (Jan.  31,  1912),  the  object 
being  to  determine  whether  there  was  suflBcient  imaffected  dust  left 
from  the  previous  explosion  to  reignite  and  propagate  the  ignition. 
It  was  noted  that  the  bulk  of  the  dust  had  not  been  displaced  from 
the  shelving.  No  new  dust  was  placed  on  shelves,  but  some  fresh 
dust  was  placed  in  front  of  the  igniting  dust,  and  the  experiment  was 
made  under  practically  the  same  conditions  as  present  in  test  3.  The 
results  were  practically  identical,  the  flame  probably  going  about 
the  same  distance. 

EXPLOSION  TEST  6. 

The  object  of  test  5,  made  February  2, 1912,  was  to  determine  what 
pressureB  should  be  placed  on  the  circuit  breaker  so  that  the  record  of 
the  pressure  wave  from  the  dust  explosion  would  not  be  influenced  or 
affected  by  the  wave  from  a  blown-out  shot  of  2  pounds  of  black 
powder. 

As  the  pressure  resulting  from  a  coal-dust  explosion  is  at  first  low,  it 
is  desirable  that  the  circuit  breakers  be  adjusted  to  operate  at  low 
prwsures.  If,  on  the  other  hand,  they  are  adjusted  to  release  at  too 
low  a  pressure,  they  will  be  operated  by  the  pressure  wave  set  up  by 
the  blown-out  shot.  In  test  5  no  coal-dust  load  was  used,  and  the 
entry  was  thoroughly  wetted.  In  order  to  be  assured  that  the  result 
would  not  be  influenced  by  the  presence  of  methane,  the  fan  was  shut 
down  for  14  hours  preceding  the  test,  and  samples  of  air  were  taken 
at  the  face  before  the  fan  was  started.  The  samples  contained  only 
0.06  and  0.04  per  cent  of  methane.  The  sample  of  mine  air  taken  at 
the  face  the  following  day,  under  normal  conditions  of  ventilation, 
contained  only  0.02  per  cent  of  methane.  Two  pressure  circuit  break- 
ers were  installed  at  station  E  650,  one  being  set  to  release  with  a 
1-pound  and  the  other  with  a  2-pound  pressure.  Only  the  one  set 
for  a  l-poimd  pressure  operated,  and  it  was  therefore  concluded  that 
circuit  breakers  set  for  a  2-pound  pressure  would  not  be  operated  by 
the  pressure  from  a  blown-out  shot  of  the  size  mentioned  from  a 
cased  hole  in  the  coal. 
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EXPLOSION  TEST  6. 

In  test  6,  made  February  3, 1912,  the  coal-dust  load  was  190  feet  in 
length,  or  over  double  that  used  in  tests  3  and  4.  A  stone-dust 
barrier  like  that  described  under  test  3  was  erected  in  the  air  course 
immediately  outby  the  open  crosscut.  The  main  entry  was  left  open. 
The  results  were  that  the  flame,  after  having  passed  through  the  cut- 
through  into  the  air  course,  died  away  after  having  passed  the  first  two 
or  three  shelves,  but  the  ground  rock  dust  on  these  shelves  was  little 
displaced;  and  it  is  questionable  how  far  the  flame  was  checked  by 
reason  of  the  presence  of  the  barrier.  In  the  main  entry  the  flame 
traveled  about  70  feet  beyond  the  coal-dust  zone,  but  there  was  no 
indication  of  local  violence. 

In  this  test  a  record  of  the  flame  velocity  between  stations  E  650 
and  E  550  was  obtained,  and  showed  that  the  distance  of  100  feet  was 
traversed  in  0.7903  second,  or  at  the  rate  of  127  feet  per  second.  (See 
fig.  10.)     For  details  of  this  test,  see  pages  83  to  87. 

EXPLOSION  TEST  7. 

Test  7  was  made  February  5,  1912,  with  an  increased  length  of  coal- 
dust  load,  the  length  being  290  feet,  or  1 00  feet  more  than  in  the  previous 
test.  Determination  was  desired  of  the  effect  of  the  rock-dust  barrier 
when  the  length  of  the  coal-dust  zone  was  increased.  The  results 
showed  that  while  the  flame  died  away  in  passing  through  the  barrier, 
the  rock  dust  was  little  disturbed,  except  on  the  first  shelf  or  two.  In 
the  main  entry  the  flame  traveled  465  feet,  or  175  feet  beyond  the  end 
of  the  coal-dust  zone.  The  humidity  of  the  air  at  the  mine  in  this 
test,  as  well  as  in  the  previous  one,  was  rather  high,  ranging  from  93 
at  station  E  450  to  100  per  cent  at  station  E  650  opposite  the  inner 
cut-through.  The  velocity  of  the  flame  between  stations  E  650  and 
E  550  was  160  feet  per  second.  (See  fig.  10.)  For  details  of  this 
test,  see  pages  87  to  91. 

EXPLOSION  TEST  8. 

Test  8,  made  February  7,  1912,  was  virtually  a  repetition  of  the 
previous  experiment.  The  coal-dust  load  and  other  conditions  were 
the  same,  except  that  the  relative  humidity  of  the  air  was  considera- 
bly less,  being  85  per  cent  at  station  E  450  and  83  per  cent  at  station 
E  650  opposite  the  inner  cut-through.  It  should  also  be  noted  that 
the  fan  was  shut  down  two  minutes  before  the  test  was  made,  although 
this  may  not  have  affected  the  results.  Perhaps  the  most  influential 
cause  of  difference  was  that  instead  of  making  the  blown-out  shot  in 
the  coal  face,  as  had  been  done  in  the  previous  tests,  the  ignition  was 
caused  by  a  blown-out  shot  from  the  cannon,  which  was  placed  at  the 
face.    The  cannon  probably  produced  a  greater  local  concussion  of 
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the  atmoephere,  and  thus  the  explosion  may  have  been  started  with 
greater  strength.  In  the  main  entry  the  flame  was  552  feet  in  lengthy 
and  therefore  passed  262  feet  beyond  the  end  of  the  zone  of  loading, 
as  compared  with  175  feet  in  the  previous  test.  There  was  also  much 
more  physical  manifestation  of  violence  at  the  mouth  of  the  mine. 

The  pressure  wave  between  stations  E  650  and  E  550  had  a  velocity 
of  1,136  feet  per  second,  and  between  stations  E  550  and  E  450  of 
1,116  feet  per  second.  This  wave  was  probably  that  produced  by  the 
shot  of  the  cannon  and  did  not  represent  the  explosion  wave  which 
followed  it.  The  flame  circuit  breakers  at  the  100-foot  stations 
between  E  650  and  E  250  showed  velocities  of  220,  254,  398,  and  51 
feet  per  second,  thus  indicating  that  the  inflammation  was  relatively 
slow,  and  was  dying  away  when  it  reached  station  E  250.  (See  fig.  10.) 
The  last  evidence  of  flame  as  shown  by  tufts  of  guncotton  was  58 
feet  outby  station  E  250.  Manometric  pressure  readings  were  not 
obtained,  except  for  pressures  below  atmospheric,  following  the  ex- 
plosion. The  curve  obtained  is  shown  in  figure  21.  The  maximum 
depression  was  about  1  pound  per  square  inch,  and  the  total  period 
of  depression  was  one-fourth  of  a  second  only.  The  details  of  this 
test  are  given  on  pages  91  to  95. 

EXPLOSION  TESTS  9,  10,  AND  11. 

In  test  8,  pressure  circuit  breakers  set  to  release  at  a  pressure  of  2 
pounds  were  seemingly  operated  by  the  pressure  wave  from  the 
blown-out  shot  from  the  cannon.  Further  tests  were  required,  there- 
fore, to  determine  the  minimum  pressures  at  which  the  circuit  breakers 
might  be  set  without  risk  of  being  operated  by  the  wave  from  the 
cannon.  In  test  9,  made  February  8,  1912,  and  in  tests  10  and  11, 
made  February  9, 1912,^ no  coal-dust  load  was  used,  and  the  entry  was 
wet  down  with  hose.  The  cannon  was  loaded  with  2i  pounds  of 
black  blasting  powder,  with  4  inches  of  clay  stemming.  In  test  9 
there  was  one  circuit  breaker  at  each  station,  and  all  were  set  to  re- 
lease at  a  2-pound  pressure;  all  were  operated  on  the  discharge  of 
the  shot.  In  test  10  two  circuit  breakers  were  installed  at  station 
E  650,  one  set  to  release  at  a  3-pound  pressure,  and  one  at  a  4-pound 
pressure;  both  were  operated  by  the  shot.  In  test  11  the  two  circuit 
breakers  installed  at  station  E  650  were  set,  one  to  release  at  a  5-pound 
pressure  and  the  other  at  a  6-pound  pressure;  neither  was  affected 
by  the  pressure  from  the  shot. 

As  a  result  of  these  tests  it  was  decided  that  in  future  tests  when 
the  coal  dust  was  to  be  ignited  by  a  shot  from  the  cannon  the  pressure 
circuit  breakers  shoxild  be  set  to  release  at  a  pressure  of  5  pounds. 
The  tests  demonstrated  what  has  been  suspected — that  a  blown-out 
shot  from  a  cannon  causes  a  higher  air  pressure  than  a  shot  of  the 
same  weight  of  charge  placed  in  the  coal  face,  even  when  a  pipe  liner 

Digitized  by  LjOOQIC 


46  FIBST  SERIES  OP  COAL-DUST  EXPLOSION   TESTS. 

is  used,  because  some  of  the  energy  of  the  exploding  powder  is  ex- 
pended in  breaking  the  liner  and  the  surrounding  coal. 

In  tests  5,  9,  and  10  tufts  of  guncotton  were  suspended  at  intervals 
along  the  entry.  All  of  them  within  a  distance  of  40  feet  from  the 
cannon  were  ignited,  probably  not  by  flame  but  by  burning  particles 
of  powder  projected  by  the  shot.  This  conclusion  was  reached  as 
the  result  of  tests  in  the  Pittsburgh  station  gallery. 

EXPLOSION  TEST  12. 

In  test  12,  made  February  10,  1912,  a  lighter  coal-dust  load  was 
used  than  previously,  the  quantity  being  1  pound  per  linear  foot  for 
the  first  290  feet,  and  less  than  one-half  pound  (0.457  pound)  per  linear 
foot  for  the  outer  420  feet. 

The  flame  did  not  travel  to  the  outside  of  the  mine,  but  stopped  at 
about  465  feet  from  the  origin,  or  at  175  feet  beyond  the  end  of  load- 
ing of  1  pound  per  linear  foot.  Judging  from  the  one  experiment  of 
this  character,  it  would  appear  that  under  the  existent  conditions 
0.457  pound  of  dust  per  linear  foot  was  not  sufficieAt  to  propagate  an 
explosion.  The  quantity  mentioned  is  equivalent  to  about  0.122 
ounce  per  cubic  foot  (122  grams  per  cubic  meter)  of  air  space.  The 
humidity  was  high,  but  not  extremely  so,  being  91  per  cent  at  station 
E  650.     In  this  test  the  flame  did  not  pass  beyond  the  barrier. 

As  the  explosion  in  the  main  entry  died  away  before  reaching  the 
manometer  stations,  the  pressure  produced  had  dropped  so  low  that  no 
pressure  record  was  obtained ;  but  following  the  explosion  the  suction 
manometer  at  station  E  50  showed  a  depression  wave  lasting  0.6  sec- 
ond, the  maximum  depression  being  only  0.5  pound  per  square  inch 
(see  fig.  23).  The  velocity  of  the  flame  between  the  circuit  breakers 
at  the  100-foot  stations  between  stations  E  650  and  E  350  indicated 
velocities  of  153,  161,  and  225  feet  per  second  (fig.  10),  showing  that 
the  explosion  was  relatively  slow  and  feeble.  The  details  of  this  test 
are  given  on  pages  97  to  99. 

EXPLOSION  TEST  13. 

Test  13  was  made  on  the  same  afternoon,  February  10,  1912,  as 
test  12.  The  same  dust  was  used  except  that  25  pounds  of  fresh  dust 
was  spread  in  front  of  the  blown-out  shot,  which  was  prepared  in  the 
coal  face,  instead  of  using  the  cannon  as  in  the  previous  test.  The 
result  was  practically  the  same,  the  flame,  as  indicated  by  the  tufts  of 
guncotton,  not  extending  further  than  in  the  previous  test.  Detailed 
description  is  given  on  pages  100  and  101. 

EXPLOSION  TEST  14. 

In  test  14,  made  February  19,  1912,  the  coal-dust  load  in  the  outer 
part  of  the  mine  was  increased  over  that  used  in  the  previous  tests; 
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throughout  the  mine  it  averaged  about  0.93  pound  per  linear  foot,  equal 
to  0.248  ounce  per  cubic  foot  (248  grams  per  cubic  meter).  No  pre- 
liminary watering  was  done. 

The  result  was  a  sharp  explosion,  the  flame  issuing  from  the  mouth 
of  the  entry  with  manifestations  of  violence.  In  the  air  course  the 
explosion  entered  from  the  inner  cut-through  with  considerable  force, 
didodged  most  of  the  shelving,  and  blew  off  the  rock  dust.  This 
barrier,  as  in  the  previous  tests,  was  located  immediately  outby  the 
imier  cut-through.  The  striking  feature  was  that  the  flame  did  not 
pass  beyond  the  barrier. 

The  motors  driving  the  drums  for  the  manometer  failed  to  run,  so 
that  maximum  pressures  only  were  recorded  at  stations  E  150  and 
E  50,  the  records  being  14.7  pounds  and  5.6  pounds  per  square  inch, 
respectively.  The  relatively  small  load  of  coal  dust  was  seemingly  the 
cause  of  the  pressures  not  being  higher.  Both  the  pressure  and  the 
flame  circuit  breakers  failed  to  operate  at  some  of  the  stations  and 
thus  prevented  velocity  records  from  being  obtained.  For  details  of 
this  test  see  pages  101  to  105. 

EXPLOSION  TEST  IG. 

As  test  16,  made  February  24,  1912,  Was  the  last  test  of  the  series, 
a  public  demonstration  had  been  planned;  consequently  a  number  of 
State  inspectors  and  other  mining  men  were  present.  The  coal-dust 
load  per  linear  foot  was  double  that  previously  used,  averaging  2.13 
pounds  per  linear  foot,  equal  to  0.668  ounce  per  cubic  foot  (668  grams 
per  cubic  meter).  It  was  also  more  extensively  distributed  than  in 
any  other  experiment  except  test  2;  it  was  spread  throughout  the 
main  entry  and  two-thirds  of  the  way  in  the  air  course.  The  rock- 
dust  barrier  shelving  was  changed  from  its  position  in  the  previous 
experiments  to  a  point  in  the  air  course  about  halfway  out  in  order  to 
give  it  a  more  thorough  test. 

The  result  of  the  experiment  was  that  the  flame  following  the  cloud 
of  dust  shot  out  of  the  main  entrance  accompanied  by  a  loud,  sharp 
report,  and  with  manifestations  of  great  violence.  No  flame  appeared 
from  the  air-course  entrance;  the  rock-dust  shelves  were  demolished; 
the  flame  passed  through  the  barrier,  and  traveled  about  200  feet  be- 
yond, as  shown  by  the  ignition  of  tufts  of  guncotton  suspended  at  in- 
tervals along  the  entry.  It  probably  ignited  the  coal  dust  in  a  60-foot 
zone  that  laid  outby  the  barrier.  In  view  of  the  great  pressure  exist- 
ing within  the  air  course,  as  demonstrated  by  the  demolition  of  the 
barrier,  it  is  quite  probable  that  the  flame  might  have  reached  the  out- 
side but  for  the  rock  dust  dislodged  from  the  barrier.  However,  the 
result  as  to  the  efl&cacy  of  the  barrier  must  be  considered  inconclusive. 
A  graphic  representation  of  the  probable  extent  of  the  flame  is  shown 
b  figure  28. 
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Interesting,  though  incomplete^  information  as  to  the  velocity  of 
the  pressure  wave  and  of  the  flame  was  obtained  from  the  instrument 
records.  The  pressure  circuit  breakers  between  stations  E  660  and 
E  350  indicated  velocities  of  1,139,  48,  and  980  feet  per  second.  The 
first  value,  1,139,  probably  represented  the  speed  of  the  wave  from 
the  blown-out  shot,  and  not  of  the  explosion  itself;  the  second  value, 
48,  obtained  by  difference  between  the  registration  of  the  shock 
wave  and  the  next  registration  by  the  explosion  wave,  must  be  disre- 
garded; the  record  between  stations  E  450  and  E  350  indicates  that 
the  pressure  wave  from  the  explosion  had  fairly  started.  (See  figs.  9 
and  11.)  Farther  out  the  pressure  circuit  breakers  failed  to  work. 
The  manometers  at  stations  E  150  and  E  50  indicated  that  the 
pressure  wave  had  moved  between  the  stations  at  the  rate  of  800  feet 
per  second.  The  maximum  pressures  shown  by  the  manometers 
were  higher  than  previously  obtained,  the  manometer  at  station  E  150 
indicating  103  pounds  per  square  inch,  and  at  Station  E  50,  61 
pounds.  It  will  be  noted  in  figure  27  that  the  pressure  curves  axe 
incomplete,  so  that  it  is  possible  that  higher  pressures  were  attained 
than  shown  by  the  marks  of  the  recording  stylus.  Following  the 
explosion,  the  suction  manometer  at  station  E  50  recorded  a  depres- 
sion lasting  3  minutes,  with  a  minimum  depression  of  1.8  pounds  per 
square  inch.     (See  fig.  26.) 

From  the  instant  of  ignition  at  the  face  until  the  pressure  wave 
reached  station  E  350  the  time  interval  was  2.367  seconds;  the  flame 
traveled  the  same  distance  (397  feet)  in  2.537  seconds.  The  instru- 
ments indicated  (if  their  relative  lag  be  disregarded)  that  the  flame  at 
station  E  350  was  only  0.17  second  behind  the  front  of  the  pressure 
wave  that  acted  on  the  pressure  circuit  breaker.  (See  fig.  9.)  The 
successive  readings  of  the  flame  circuit  breakers  between  stations 
E  650  and  E  450  were  408  feet  and  1,351  feet  per  second;  between 
stations  E  450  and  E  25*0  the  tremendous  velocities  of  2,273  and 
2,128  feet  per  second  were  indicated  by  the  apparatus.  Outby  sta- 
tion E  250,  on  account  of  the  failure  of  the  automatic  commutator 
to  operate,  records  were  not  obtained.  It  would  appear  that  the 
explosion  was  slow  at  the  start  but  that  by  the  time  it  had  reached 
station  E  450  it  had  approached  a  *' detonating  stage." 

The  most  striking  features  of  this  experiment  were  the  compara- 
tively slow  development  of  the  explosion,  the  relatively  slow  speed 
of  the  pressure  wave,  and  the  rapid  overtaking  of  the  pressure  wave 
by  the  flame  of  the  explosion. 
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Although  the  tests  were  too  few,  and  the  data  obtained  too  meager, 
to  admit  of  final  conclusions  being  formed  concerning  the  phenomena 
of  coal-dust  explosions,  the  results  are  of  value  in  an  educational  way 
in  demonstrating  to  the  mining  public  the  explosibiUty  of  coal  dust 
when  fire  damp  is  not  present,  and  the  violence  and  destruction  that 
accompany  extensive  coal-dust  explosions,  even  when  fire  damp  was 
not  present.  They  were  also  useful  in  furnishing  information  to  those 
conducting  the  investigation  concerning  the  conditions  under  which 
coal-dust  explosions  may  be  brought  about  in  the  experimental  mine, 
the  kind  of  equipment  required,  and  especially  the  character  of 
instruments  and  apparatus  necessary  for  properly  recording  and 
studying  the  phenomena  of  such  explosions. 

BBCOBDS  OF  PBESSTJKE  VELOCITIES. 

In  the  course  of  the  experimental  tests  there  were  obtained  records 
of  five  pressure  waves  in  three  experiments  that  were  clearly  "shock" 
waves  started  by  the  igniting  shot.  Two  of  these  were  registered 
when  coal  dust  was  not  used,  so  that  there  is  no  question  as  to  the 
correctness  of  the  interpretation  of  their  being  waves  started  by  the 
shot  and  not  by  the  explosion  of  coal  dust. 

The  velocities  recorded  were:  Test  8,  1,136  and  1,116  feet  per 
second;  test  9,  1,111  and  1,099  feet  per  second;  test  15,  1,139  feet  per 
second;  average,  1,120  feet  per  second. 

The  ventilating  current  at  the  time  of  the  passage  of  the  shock 
wave  had  in  each  case  a  velocity  of  about  2  feet  per  second  in  the 
same  direction;  deducting  this,  the  net  average  velocity  of  the  shock 
wave  was  therefore  1,118  feet  per  second,  as  shown  by  the  combi- 
nation of  circuit  breakers,  automatic  commutator,  and  chronograph. 

The  temperature  of  the  air  in  the  passageway  during  these  tests 
averaged  42®  F.  A  sound  wave  travels  through  air  at  this  tempera- 
ture at  the  rate  of  1,096  feet  per  second.*  A  "shock"  or  impulse 
wave  from  the  caniion,  transmitted  through  the  air,  is  equivalent  to, 
or  has  practically  the  same  longitudinal  velocity  as,  a  sound  wave 
under  the  conditions  through  a  tube  or  gallery.  The  difference,  only 
22  feet  or  0.02  per  cent,  indicates  the  substantial  accuracy  of  the 
pressure-velocity  instrument  system;  on  the  other  hand,  dependence 

•LiDdirit-BQmBteiii,  Physikalisch-chemische  Tabellen,  1905,  p.  — ,  results  of  Ciccone  and  Campanili. 
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on  a  single-stylus  chronograph  (time  maiker)  and  an  intermediate 
automatic  commutator  which,  under  the  arrangement  of  the  instru- 
ments, did  not  act  quickly  enough  for  the  higher  velocities,  was  not 
satisfactory,  as  a  failure  of  any  one  of  the  circuit  breakers  to  operate 
prevents  obtaining  records  beyond  that  point.  Therefore,  it  has  been 
decided  that  in  future  tests  there  is  to  be  a  chronograph  with  as  many 
recording  pens  as  there  are  circuit  breakers,  so  that  each  may  be 
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Figure  9.— Relative  positions  of  flame  and  pressure  wave,  test  15. 

independent  in  registration   although  marking  on  the  same  drum; 
the  registration  will  then  be  referable  to  the  same  time  intervals. 

When  a  blown-out  shot  has  been  fired  the  shock  wave  raises  the 
coal  dust  in  the  vicinity  into  the  air,  and  the  flame  ignites  the  dust. 
At  first  it  would  seem  there  is  merely  quiet  combustion,  but  if 
the  coal  dust  is  inflanmiable,  pressure  is  gradually  developed  and 
the  pressure  waves  start.  In  test  15  the  period  of  developing  pres- 
sure, including  time  of  traversing  the  first  300  feet,  occupied  2 J 
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seconds  from  the  time  of  ignition.  When  the  pressure  wave  reached 
the  300-foot  point  it  was  far  behind  the  shock  wave  caused  by  the 
blown-out  shot.  The  pressure-velocity  curve  obtained  from  the 
records  of  test  15  is  shown  in  figure  9.  Although  the  data  are  incom- 
plete, sufficient  details  were  obtained  to  make  apparent  the  slow 
development  of  pressure  and  velocity  to  the  300-foot  point,  where 
the  pressure  wave  started  off  at  a  higher  rate  but  less  than  the 
velocity  of  a  sound  wave.  At  the  600-foot  point  the  manometers 
mdicated  a  slowing  up  between  the  stations  at  600  feet  (E  150)  and 
700  feet  (E  50)  from  the  origin.  It  is  possible  that  the  indicated 
decrease  in  velocity  is  due  to  the  lag  of  the  manometer  at  the  700-foot 
point.  Much  additional  information  from  further  experiments  must 
be  obtained  before  conclusions  can  be  drawn  as  to  the  normal  pres- 
sure-velocity curve  resulting  from  uniform  dust  loading  in  a  given 
size  and  shape  of  passageway,  and  other  known  controlling  factors. 

BBCOBDS  OF  FLAME  VELOOITIES. 

The  data  of  indicated  flame  velocities  in  the  first  series  of  tests  are 
more  satisfactory  than  those  of  the  pressure  velocities.  There  are 
fewer  difficulties  with  the  flame  circuit  breakers  than  with  the  pres- 
sure circuit  breakers,  since  there  is  only  one  flame  record  to  be  made; 
but  there  was  difficulty  with  the  automatic  commutator  and  single- 
pobt  chronograph,  since  failure  of  any  breaker  meant  loss  of  all 
subsequent  records. 

Figure  10  shows  the  curve  plotted  from  the  flame- velocity  records 
from  tests  6,  7,  8,  12,  and  15.  These  curves  indicate  that  for  the 
first  200  feet  the  velocity  is  relatively  low,  averaging  less  than  200 
feet  per  second.  In  the  case  of  explosions  showing  the  least  violence, 
the  velocities  did  not  materially  increase  with  distance,  though  in 
test  8  the  velocity  reached  400  feet  per  second.  This  velocity  was 
attained  about  60  feet  beyond  the  end  of  the  coal-dust  zone;  but,  as 
a  large  amount  of  coal  dust  would  be  carried  forward  by  the  wave 
itsdf,  there  would  be  no  lack  of  fuel  for  considerable  distance. 

Test  15  was  most  complete  and  satisfactory,  although  unfortu- 
nately the  velocity  records  were  not  obtained  as  far  as  the  mouth  of 
the  mine.  A  feature  of  great  interest  in  the  flame-velocity  curve 
(fig.  11)  plotted  from  the  record  is  the  seeming  attainment  and  passing 
of  a  maximiun  velocity  between  the  points  350  and  400  feet  from  the 
origin.  However,  as  there  was  o^ly  one  registration  beyond  this 
*  apex,  it  would  not  be  safe  to  assume  that  a  normal  flame- velocity 
curve  drops  after  a  maximum  has  been  reached. 

In  figure  9  are  shown  the  time  intervals  from  the  moment  of  ignition 
of  the  blown-out  shot  to  the  instant  of  passing  the  various  stations  of 
the  flame  and  the  pressure  wave,  respectively.  The  last  two  points 
on  the  pressure  curve,  corresponding  to  time  ordinates  2.48  and  2.605, 


Digitized  by  LjOOQIC 


52 


FIRST  SERIES   OP   COAL-DUST  EXPLOSION   TESTS. 


were  obtained  from  the  B.  C.  D.  manometer  record;  the  other  points 
were  obtained  from  the  chronograph  record.    The  curves  in  figure  9 
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show  the  relative  position  of  the  flame  and  that  of  the  pressure  wave, 
as  obtained  from  the  data  from  test  15.    The  horizontal  distance 
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Figure  11.— Pressure- velocity  and  flame- velocity  curves  obtained  in  test  15. 

between  the  two  curves  indicates  the  distance  that  the  front  of  the 
pressure  wave  is  in  advance  of  the  flame. 
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From  the  evidence  of  test  15  alone,  the  flame  would  appear  to 
travel  at  the  start  more  slowly  than  the  front  of  the  pressure  wave; 
at  2.3  seconds  after  ignition  the  curves  (fig.  9)  indicate  that  the  flame 
was  225  feet  behind  the  front  of  the  pressure  wave;  at  2.4  seconds 
after  ignition  it  was  250  feet  behind;  at  this  point  it  began  going 
faster  than  the  pressure  wave.  The  precision  of  these  registrations 
is  admitted  to  be  somewhat  uncertain.  As  stated,  the  pressure  cir- 
cuit breakers  indicate  only  the  front  of  the  pressure  wave;  the  flame 
circuit  breakers  do  not  act  imtil  the  tin  foil  has  melted,  so  that 
there  is  an  appreciable  lag,  although  this  lag  should  be  the  same  at 
each  circuit  breaker.  From  observations  of  issuing  flame  and  rec- 
ords obtained  from  surface  gallery  explosions  and  from  TaffaneFs 
records  of  the  Li6vin  station,  it  would  seem  that  the  flame  is  pointed, 
the  point  being  in  advance  of  the  body  of  the  flame,  which  fills  the 
passage  and  melts  the  tin  foil.  If  this  is  so,  it  is  probable  that  the 
point  of  the  flame  may  be  much  closer  to  the  front  of  the  pressure 
wave  than  is  indicated  by  the  curves  of  figure  9. 

In  future  experiments  the  relation  of  the  flame  to  the  pressure 
wave  will  be  made  a  special  study.  Manometers  like  those  used  by 
Taffanel  will  be  tried.  As  the  manometer  drums  carry  sensitized 
paper  the  pressure  curve  will  be  photographed  through  the  medium 
of  a  ray  of  light  thrown  on  a  mirror  attached  to  a  deflecting  dia- 
phragm, and  simultaneously,  through  a  glass-covered  opening,  the 
light  from  the  flame  will  be  photographed  on  the  same  paper,  so  that 
the  exact  time  relation  may  be  obtained. 

KSCOBBS  OF  PBSSSTTBES. 

The  B.  C.  D.  manometers  proved  to  be  fairly  satisfactory  for  the 
conditions  to  which  they  were  subjected.  Unfortimately,  the  motors 
supplied  with  the  manometers  were  too  small,  with  the  result  that 
in  several  tests  no  records  were  obtained.  For  the  last  test  (test  16) 
stronger  motors  were  installed.  Although  the  instruments  were 
designed  with  a  view  to  reducing  to  a  minimum  the  inertia  of  the 
moving  parts,  this  inertia  is  large  enough  to  introduce  considerable 
errors  in  the  records  of  pressures  that  rise  with  the  rapidity  of  those 
resulting  from  explosions.  In  future  tests  it  is  planned  to  supplement 
the  B.  C-  D.  manometers  with  instruments  of  different  design,  in 
which  the  inertia  of  the  moving  parts  will  be  much  less. 

As  already  commented,  it  is  probable  that  the  manometric  curve 
(fig.  15)  for  station  E  150  in  test  1  does  not  show  the  maximum  pres- 
sure. The  highest  point  registered  was  50  poimds,  but  it  is  quite 
possible  that  the  peak  of  the  curve  was  considerably  higher.  The 
same  is  true  of  both  the  manometric  curves  (fig.  27)  in  explosion  15, 
m  which  the  highest  point  of  the  curve  registered  by  the  manometer 
at  station  E  150  was  103  poimds,  and  at  station  E  50,  60  poimds. 
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The  B.  C.  D.  pressure  manometers  do  not  register  pressures  below 
atmospheric  pressure  on  the  same  instrument  that  records  the  posi- 
tive pressures.  In  several  of  the  experiments  one  of  the  manometers 
was  arranged  to  record  pressures  below  normal  atmospheric  pressure. 
In  each  case  the  instrument  was  placed  in  the  station  50  feet  from 
the  entrance.  In  test  15  the  maximum  depression  registered  at  this 
point  was  about  1.80  pounds,  sustained  for  one-tenth  of  a  second, 
the  entire  period  of  depression  being  three  seconds. 

MAZnnTH-PRBSStTBE  aAQE  KSOOBBS. 

On  account  of  imperfections  in  the  copper  cylinders  of  the  maxi- 
mimi-pressure  gages  used  in  the  later  tests  of  the  first  series,  the 
results  obtained  were  not  reliable.  It  is  hoped  that  with  improve- 
ments in  making  the  cylinders  the  maximum-pressure  gages  will  fur- 
nish as  reliable  a  check  on  the  records  obtained  with  the  recording 
manometers  as  that  reported  in  the  Li6vin  tests. 

aAS  SAMPUNa. 

The  difficulties  that  were  experienced  in  getting  samples  with  the 
B.  C.  D.  automatic  samplers  have  been  discussed  in  detail  on  page  38. 
No  samples  of  afterdamp  were  obtained  except  those  gotten  by  hand 
at  a  considerable  interval  after  the  explosion.  In  addition  to  the 
improvements  planned  on  the  B.  C.  D.  instrument,  it  is  proposed  to 
employ  other  gas  samplers  arranged  in  groups  of  three  at  one  station, 
to  be  automatically  actuated  by  the  flame  so  that  three  gas  samples 
may  be  taken  at  predetermined  intervals  during  and  after  the  passage 
of  the  flame. 

Two  samples  of  afterdamp,  gathered  by  men  wearing  breathing 
apparatus  15  minutes  after  explosion  test  15,  are  of  much  interest. 
They  were  taken  at  points  only  150  and  200  feet  from  the  mouth  of 
the  main  entry;  consequently  they  were  largely  diluted  by  the  air 
that  entered  immediately  after  the  explosion.  The  most  striking 
feature  of  the  analyses  (see  page  113)  is  the  high  ratio  of  carbon 
monoxide  to  carbon  dioxide  (1 : 1.51  in  the  first  instance  and  1 : 1.36 
in  the  second  instance),  which  seems  to  indicate  that  at  the  time  of 
explosion  there  was  a  great  excess  of  carbon  in  the  air. 

VENTILATION. 

In  all  of  the  experiments,  except  in  test  8,  there  was  employed  a 
ventilating  current  with  a  velocity  of  about  100  linear  feet  per  minute, 
the  current  traveling  in  the  same  direction  as  the  explosion.  Test  8 
was  made  in  still  air.  In  other  words,  the  explosion  traversed  the 
return-air  passageway.    In  the  next  series  of  experiments  it  is 
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planned  to  use  ventilating  currents  of  higher  velocity  and  to  dupli- 
cate certain  explosions,  except  in  one  test  to  have  the  air  travel  with 
the  explosion  and  in  the  other  test  against  it. 

HUMIDITY. 

It  happened  that  in  the  majority  of  the  experiments  the  humidity 
of  the  air  was  high.  This  was  especially  the  case  in  the  pubUc  demon- 
stration on  October  30,  1911  (test  2).  Therefore,  it  would  appear 
from  these  tests  that  the  humidity  of  the  air  itself  has  no  appreciable 
effect  upon  a  strong  explosion.  In  almost  all  the  experiments  the 
floor  was  kept  moist  in  order  to  prevent  the  dust  of  the  track  ballast 
from  being  brought  into  the  air  and  affecting  the  explosion.  The 
coal  dust  in  all  cases  was  dry  and  had  been  placed  only  a  few  hours 
previous  to  the  experiment. 
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DESCRIPTION    OF    INSTRUMENTS    FOR    MEASUREMENT 
OF  VELOCITY  AND  PRESSURE. 

In  order  to  devise  meaB3  for  the  prevention  of  coal-dust  explosions, 
as  well  as  for  the  arrest  of  explosions  that  have  started,  a  knowledge 
of  the  nature  of  such  explosions  and  of  the  accompanying  phenomena 
is  necessary.  It  is  essential  to  ascertain  the  physical  laws  governing 
the  propagation  of  the  explosions  and  the  chemical  processes  that 
take  place,  as  well  as  the  means  by  which  ignition  of  the  dust  is 
brought  about.  A  study  of  the  propagation  of  a  coal-dust  explosion 
requires  the  use  of  instruments  for  recording  the  pressures  developed 
at  various  stages  of  the  explosion,  for  recording  the  velocity  of  prop- 
agation of  the  explosion,  and  for  taking  samples  of  the  gases  pro- 
duced by  the  explosion. 

Instruments  especially  adapted  for  this  purpose  have  been  designed 
in  England  for  the  experiments  of  the  British  Coal  Dust  Commission 
at  Al tofts,  and  in  France  for  the  investigation  at  Lifivin.  Most  of 
the  instruments  used  in  the  preliminary  experiments  described  in 
this  report  are  the  same  as  those  used  at  Altof ts  and  were  fur- 
nished by  the  English  manufacturers. 

As  the  experiments  at  Altofts  were  made  in  a  steel  gallery  above 
ground,  recording  instruments  used  could  be  mounted  outside  the 
gallery,  no  special  precautions  being  necessary  for  their  protection. 
The  protection  of  instruments  for  recording  the  results  of  explosions 
in  an  underground  gallery  is  more  difficult.  In  the  experimental 
mine  of  the  Bureau  of  Mines,  protection  is  afforded  by  rooms  cut 
in  the  rib  at  intervals  along  the  entry  and  closed  by  steel  doors  (PL 
V,  A).  The  instruments  connect  with  the  entry  through  openings 
in  the  doors.  A  description  of  these  instrument  stations  appears 
in  a  preceding  section  of  this  report. 

PBES8XTBE  BBCOBBBBS. 

Two  types  of  instruments  are  used  for  the  measurement  of  pressure, 
one  to  obtain  a  continuous  record  of  the  pressure  and  the  other  to 
record  the  maximum  pressure. 
56 
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B.  C.  D.  MANOMETER." 

The  B.  C.  D.  manometer  (PI.  IX, -4,  and  fig.  12)  is  of  the  former  type, 
and  records  the  movement  of  a  strong,  tempered-steel,  triangular 
spring  («,  fig.  12)  under  the  pressure  of  the  explosion.  The  spring 
is  clamped  at  its  base;  the  force  of  the  explosion  acts  vertically 
upward  at  its  apex,  which  carries  a  fine  steel  point  or  scribing  style. 
In  this  form  of  spring  the  maximum  strain  is  the  same  at  all  cross 
sections,  and  the  inertia  is  lessened,  since  the  narrow  light  part  of  the 
spring  moves  most  and  the  wide  heavy  part  least. 

The  pressure  is  transmitted  by  an  oil  cushion  to  a  cylindrical 
plunger  (p,  fig.  12),  which  can  move  freely  in  a  vertical  direction  in 
an  open  cylinder.     The  oil  keeps  the  plunger  well  lubricated,  reduces 
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FiOUHE  12.— Section  of  B.  C.  D.  manometer. 

leakage  past  it,  and  prevents  the  fine  dust  with  which  the  com- 
pressed gases  are  charged  from  cutting  or  clogging  the  rubbing  sur- 
faces; the  oil  box  also  acts  as  a  dash  pot,  damping  any  rapid  vibra- 
tions. The  plunger  is  hollow  for  the  sake  of  lightness.  It  makes 
contact  with  the  spring  by  means  of  a  loose  connecting  rod  (r,  fig.  12), 
one  end  of  which  rests  in  a  conical  depression  in  the  bottom  of  the 
plunger,  the  other  end  resting  in  a  similar  depression  in  the  lower 
face  of  the  triangular  spring  (s,  fig.  12).  A  secondary  weak  spring 
(«')  acts  upward  on  the  plunger,  holding  the  connecting  rod  in  place 
when  there  is  no  pressure  acting  on  the  oil  box.  The  scribing  style 
on  the  end  of  the  triangular  spring  (s)  presses  lightly  against  a 
smoked-paper  band,  which  is  lapped  around  a  revolving  drum. 
The  drum  is  driven  at  a  constant  speed  by  an  electric  motor.  After 
an  experiment  the  smoked  paper  is  removed  and  the  surface  fixed 
by  immersion  in  a  bath  of  transparent  varnish. 

«"B.  C.  D.,"  the  distinguishing  mark  used  for  these  instruments  by  the  makers,  refers  to  tlie  British 
Coal  Dust  Commission,  for  whom  they  were  designed. 
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The  pressure  of  the  explosion  is  transmitted  from  the  mine  entry 
to  the  manometer  through  a  piece  of  heavy  hose,  as  short  in  each 
case  as  conditions  will  permit,  usually  1  foot  to  2i  feet  long. 

In  order  to  compare  one  pressure  record  with  another  record  of 
the  same  explosion  it  is  necessary  to  know  the  relative  position  of 
each  manometer  drum  at  the  instant  the  explosion  started,  and  the 
speed  of  revolution  of  each  drum.  Two  Deprez  indicators  attached 
to  each  manometer  are  used  for  this  purpose.  The  Deprez  indicator 
is  a  small  electromagnet  that  holds  do^^m,  against  the  pull  of  a  weak 
spring;  a  light  aluminum  style  resting  against  the  smoked  surface 
of  the  manometer  drum.  As  soon  as  the  electric  circuit  is  broken 
the  style  moves  in  a  direction  perpendicular  to  the  direction  of  rota- 
tion of  the  drum. 

An  indicator  on  one  manometer  is  connected  in  series  with  one  on 
the  next,  and  the  circuit  goes  through  a  fine  wire  stretched  in  front 
of  the  igniting  shot.  At  the  instant  this  wire  is  broken  by  the  shot, 
each  style  makes  a  mark  on  the  smoked  paper  on  its  drum. 

The  second  indicator  on  each  manometer  records  the  sp>eed  of 
revolution  of  the  drum.  These  indicators  are  connected  in  series 
with  each  other  and  with  the  ''tenth  of  a  second  time  marker," 
known  as  the  B.  C.  D.  time  marker. 

B.   C.   D.   TIME   MARKER. 

The  B.  C.  D.  time  marker  (PL  IX,  B)  has  a  weight  so  arranged 
that  when  suspended  at  rest  an  electric  current  passes  through  it; 
when  the  weight  falls,  the  circuit  is  broken.  While  the  weight  is 
falling,  a  circuit  is  again  made,  but  is  broken  when  the  weight  comes 
to  rest.  Consequently,  when  the  time  marker  is  connected  in  series 
with  the  Deprez  indicators  on  the  manometers,  a  break,  a  make, 
and  a  break  are  successively  traced  on  the  drums  by  the  styles. 

The  space  between  the  two  breaks  recorded  on  the  drum  is  equiva- 
lent to  the  time  required  for  the  weight  to  fall  from  rest  through  the 
given  distance.  This  distance,  Sj  is  calculated  from  the  dynamic 
formula  5  =  ijf',  so  as  to  represent  a  time  interval,  tj  of  just  one-tenth 
of  a  second.  The  space  between  two  breaks,  instead  of  between  a 
break  and  a  make,  is  measured  so  as  to  eliminate  any  error  from  the 
lag  of  the  indicator.  This  lag  would,  of  course,  be  the  same  for  two 
breaks,  but  might  be  different  for  a  break  and  a  make. 

The  two  breaks  in  the  circuit  are  obtained  in  the  following  manner: 
The  weight  rests  freely  on  brass  knife  edges  in  a  V  support  pivoted 
at  the  middle.  When  the  weight  is  thus  supported  the  circuit  is 
complete  and  the  current  can  pass  through  the  electromagnets  on 
the  manometers.  As  soon  as  a  catch  is  released  a  spring  rotates 
the  support  from  under  the  weight  and  the  circuit  is  broken  at  the 
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instant  the  weight  begins  to  fall.  The  strength  of  the  spring  is  such 
that  the  support  is  rotated  well  out  of  the  way  of  the  knife  edges  on 
the  weight  rod.  While  the  weight  is  falling,  the  opposite  end  of  the 
support  flies  up  and  closes  the  circuit  again.  As  soon  as  the  weight 
hits  the  platform  at  the  bottom  of  its  fall  the  circuit  is  again  broken. 
By  means  of  suitable  electrical  connections,  the  catch  is  released 
by  an  electromagnet  operated  by  the  same  switch  that  fires  the  ignit- 
ing shot,  so  that  the  time  interval  recorded  begins  at  the  moment  the 
explosion  is  started. 

B.  C.  D.  MEASURING   APPARATUS.** 

The  smoked  paper  records,  after  being  removed  from  the  manom- 
eter and  fixed  in  a  bath,  are  placed  on  a  special  drum  (PL  VI,  B)  and 
are  examined  under  a  microscope.  The  circumference  of  the  drum  is 
graduated  into  millimeters,  so  that  the  distance  between  any  two 
points  on  the  chart  can  be  measured  by  rotating  the  drum  and  bring- 
ing the  points  on  the  chart  in  turn  under  the  cross  hairs  of  the  micro- 
scope. Since  the  tV-second  interval  marked  on  the  chart  is  always 
over  50  mm.  long,  0.1  mm.,  which  may  be  read  on  the  chart,  would 
correspond  to  one  five-thousandth  of  a  second. 

By  means  of  a  micrometer  screw  with  a  divided  head,  the  drum  can 
be  moved  axially  in  the  direction  of  motion  of  the  pressure  spring. 
By  this  means  the  pressure  ordinates  may  be  measured  accurately  to 
0.01  mm. 

The  manometer  springs  are  calibrated  by  applying  known  pressures 
to  the  manometer  with  a  Schaeffer  and  Budenberg  dead-weight  pres- 
sure-gage tester  and  a  standard, gage. 

SUCTION   MANOMETER.  , 

One  of  the  three  B.  C.  D.  manometers  used  in  this  work  is  so  made 
that  it  may  be  converted  into  a  suction  manometer;  it  was  used  as 
such  during  the  tests  of  January  and  February,  1912.  A  much  lighter 
spring  is  used  for  this  purpose  and  is  placed  so  that  its  zero  position 
is  higher  on  the  drum  than  that  of  the  pressure  springs,  thus  allowing 
room  for  a  downward  deflection.  The  plunger,  by  meajis  of  a  light 
framework,  makes  contact  upon  the  upper  face  of  the  spring.  Any 
suction  applied  to  the  manometer  pulls  the  plunger  downward, 
deflecting  the  spring  in  this  direction.  The  spring  is  calibrated  by 
means  of  a  vacuum  pump  and  a  mercury  manometer. 

MAXIMUM-PRESSURE   GAGES. 

The  maximum-pressure  gages  are  of  the  ''crusher"  type  used  in 
ordnance  work  to  measure  the  pressures  in  the  chambers  of  large 
guns,  and  are  similar  to  the  gages  used  by  Taffanel. 

o  See  PI.  VI,  B, 
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A  cross  section  of  one  of  the  gages  is  shown  in  figure  13. 

The  value  of  the  maximum  pressure  is  determined  from  the  shorten- 
ing of  a  small  copper  cylinder  under  pressure.  A  light  hollow  plunger 
(p)  fits  into  one  end  of  a  cylinder  (ft),  the  other  end  of  which  is  open 
to  the  mine  entry.  Grooves  cut  around  the  outside  of  the  plunger,  or 
piston,  are  filled  with  heavy  grease  or  tallow  to  prevent  corrosion  and 
reduce  leakage  past  the  plunger.  The  copper  cylinder,  which  is 
about  0.063  inch  in  diameter  and  0.1023  inch  long,  is  set  on  end  in  the 
bottom  of  the  plunger,  and  a  cap  (c)  with  a  projecting  pin  (a)  in  the 
center  is  screwed  down  against  it. 

The  length  of  the  copper  cylinder  is  measured  with  a  micrometer 
caliper  before  and  after  the  test,  and  the  pressure  is  determined  from 
the  amoimt  of  shortening  of  the  cylinder. 

Eight  of  these  gages  and  a  large  number  of  copper  cylinders  were 
made  at  the  naval  gun  factory,  Washington,  D.  C.  The  calibration 
curve  for  the  copper  disks  was  furnished  by  the  maker. 

VELOOITY  KSCOBBEB8. 

The  method  of  measuring  the  velocity  of  the 
pressure  wave  is  to  allow  it  to  break  a  series  of 
electrical  circuits,  at  regular  intervals  along  the 
mine.  The  breaking  of  each  circuit  is  recorded 
by  the  release  of  an  electromagnetic  pen  which 
makes  a  line  on  a  suitable  surface  traveling  at  a 
known  speed. 

B.  C.  D.   PRESSURE    CIRCUIT   BREAKER. 

_  ^  The   breaking  of   the   circuits   at   the  various 

FiouEE    13.-Cross   sec-  ,        ...  T  u    J   1.  t  j,\.      ty    n    T\ 

uan    of    maximum-    pomts  IS  accomplished  by  means  of  the  B.  C.  D. 

pressure  gage.  circuit    breakers,   which   are    adjusted    so  as  to 

operate  circuit  only  when  a  definite  pressure  has  been  exceeded.  The 
breaker  (PI.  VI,  A)  has  a  tube  opening  at  one  end  into  the  mine 
entry  and  connected  at  the  other  end  to  a  cylinder  containing  a 
plunger,  which  is  held  down  by  a  lever  and  heavy  spring.  By 
varying  the  tension  of  the  spring  the  pressure  required  to  lift  the 
plunger  may  be  fixed  at  any  value  from  2  to  20  pounds  per  square 
inch.  A  pin  projects  from  the  side  of  the  plimger,  and  when  set  this 
pin  rests  on  two  aluminum  plates  completing  an  electric  circuit 
between  them.  A  small  spring  acts  on  the  outer  end  of  this  pin 
and  tends  to  rotate  the  plunger;  rotation  is  prevented  by  the  alumi- 
num plates,  their  shape  being  such  that  the  downward  pressure  of 
the  plimger  holds  the  pin  on  both  of  them.  As  soon  as  the  explosion 
raises  the  plunger,  the  contact  is  broken  and  the  small  spring  pulls 
the  pin  to  one  side,  thus  preventing  any  remake  of  the  circuit  when 
the  plunger  falls  again. 
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AUTOMATIC   COMMUTATOR. 

Any  variation  in  the  lag  of  the  electromagnetic  pens  used  to 
record  the  breaks  of  the  circuit  breakers,  although  short  in  itself, 
might  constitute  a  comparatively  large  percentage  error  since  the 
time  interval  to  be  measured  is  so  very  short. 

Such  an  error  is  avoided  in  this  apparatus  by  using  an  instrument 
termed  an  "automatic  commutator"  (PI.  VII,  B,  and  fig.  14),  which 
enables  each  successive  break  to  be  recorded  by  the  same  electro- 
magnetic pen.  This  instrument  is  used  in  connection  with  the 
recording   instrument    (chronograph)   described  on  page  62.     The 
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TlQVJa  14.— Wiring  diagram  of  automatic  commutator. 

current  from  the  battery  (fig.  14)  goes  through  the  electromagnet 
on  the  chronograph  so  that  its  armature  is  attracted,  and  then 
through  the  electromagnet  of  the  commutator  to  the  brush  (^, 
fig.  14).  The  other  terminal  of  the  battery  is  connected  to  one 
terminal  of  each  of  the  circuit  breakers  (at  E  650,  E  550,  etc., 
fig.  14).  The  second  terminals  of  the  circuit  breakers,  in  the  order 
in  which  the  explosion  reaches  them,  are  connected  by  separate 
wires  to  the  studs  on  the  conunutator  (1,  2,  3,  etc.,  fig.  14). 

Assume  that  the  brush  g  rests  on  stud  1  (the  position  it  occupies 
before  the  explosion) ;  the  current  then  flows  in  order  through  the 
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electromagnet  on  the  chronograph,  the  commutator  electromagnet, 
the  brash  g  circuit  breaker  1  (as  at  E  650),  and  back  to  the  battery. 
If  the  explosion  breaks  the  circuit  at  circuit  breaker  1  (as  at  E  650) 
the  chronograph  electromagnet  releases  its  armature  and  the  pen 
makes  a  mark  on  the  moving  surface;  at  the  same  time  the  armature 
d  of  the  commutator  electromagnet  is  released  and  the  anchor 
escapement  a  attached  to  the  armature  is  moved.  This  allows  the 
spring  8  to  pull  the  scape-wheel  h  around  by  the  cord  Tc,  which  is 
wound  on  a  drum,  attached  to  the  axis  of  the  scape-wheel.  The 
brush  then  moves  part  way  to  stud  2;  the  current  immediately  begins 
to  flow  through  circuit  breaker  2  (as  at  E  550),  the  chronograph 
electromagnet,  and  the  commutator  electromagnet;  the  armatures 
of  both  magnets  are  again  attracted;  and  then  the  pen  on  the  chrono- 
graph is  moved  back  to  its  former  position.  On  the  commutator,  the 
armature  d  and  the  escapement  a  move  back  to  their  former  position 
and  the  brush  g  moves  a  little  farther  on  to  stud  2.  When  the 
explosion  operates  circuit  breaker  2  (as  at  E  550)  the  brush  moves 
to  stud  3,  the  same  cycle  being  repeated,  and  so  on,  for  as  many 
points  as  may  be  fixed,  all  the  breaks  in  the  circuits  being  recorded 
by  the  one  pen  on  the  chronograph  ^o  long  as  they  occur  in  the  proper 
order.  It  will  be  readily  seen,  however,  that  if  any  one  circuit  breaker 
fails  to  operate  properly,  no  records  will  be  obtained  at  the  circuit 
breakers  following,  since  the  armature  on  the  automatic  commutator 
will  not  be  released,  and  consequently  the  brush  will  not  be  free  to 
move  to  the  next  stud. 

CHRONOGRAPH. 

The  laboratory  chronograph  (PI.  VI,  B)  used  in  connection  with 
the  automatic  conmiutator  and  circuit  breakers  traces  a  record  in 
ink  on  a  long  riband  of  paper.  It  comprises  three  electromagnets 
to  the  armature  of  each  of  which  is  attached  a  brass  recording  pen 
that  moves  with  the  armature  when  the  electric  circuit  is  made  or 
broken.  The  pens  rest  lightly  on  the  strip  of  paper  which  is  drawn 
along  at  a  uniform  rate  by  an  electric  motor.  One  of  the  electro- 
magnets is  connected  in  series  with  a  storage  battery  and  a  "contact 
clock  '*  which  breaks  the  circuit  every  half  second,  thus  giving  the  speed 
at  which  the  paper  travels.  A  second  electromagnet  is  connected  as 
described  above,  and  its  pen  records  the  various  breaks  in  circuit  due 
to  the  pressure  wave  of  the  explosion.  From  the  breaks  the  velocity 
of  the  wave  may  be  determined.  The  third  pen  is  used  to  record  the 
travel  of  the  flame  during  an  explosion. 
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FLAME  OntGUIT  BREAKERS. 

The  method  of  obtaining  the  velocity  of  the  flame  is  the  same  as 
that  for  obtaining  the  velocity  of  the  pressure  wave,  except  that  a 
different  form  of  circuit  breaker  is  used.  The  breaker  must  be  sensi- 
tive to  heat  but  not  affected  by  pressure. 

The  first  form  of  flame  circuit  breaker  tried  was  simply  a  detonator, 
such  as  is  used  for  "setting  off"  dynamite,  placed  in  a  wooden  block, 
so  that  its  open  end  would  be  exposed  to  flame  passing  through  the 
entry  and  having  a  small  wire  wrapped  a  couple  of  times  around  it. 
The  ends  of  this  wire  were  carried  back  through  separate  holes  in  the 
wooden  block  and  connected  in  the  automatic  commutator  circuit. 
Each  detonator  was  made  extremely  sensitive  to  heat  by  coating  the 
inside  and  the  open  end  of  the  brass  capsule  with  sUver  carbide, 
which  explodes  at  a  lower  temperature  than  ihe  fulminate.  This 
carbide  coating  was  suggested  by  W.  O.  Snelling,  chemist,  formerly 
connected  with  the  bureau. 

In  a  slight  modification  of  this  form  of  circuit  breaker  the  silver 
carbide  was  placed  on  a  match  stick  instead  of  directly  upon  the  brass 
cap.  The  advantage  of  the  modification  was  that  the  match  stick 
could  be  put  in  the  detonating  cap  a  few  minutes  before  the  explosion 
and  not  have  as  much  time  to  collect  moisture  from  the  damp  mine 
air  as  did  the  cap,  which  had  to  be  in  place  two  or  three  hours  earlier. 

The  detonator  form  of  flame  circuit  breakers,  however,  was  not 
entirdy  satisfactory.  It  was  finally  replaced  by  the  tin-foil  circuit 
breaker,  which  consists  simply  of  a  small  strip  of  tin  foil  that  is  fused 
by  the  heat.  Each  strip  is  about  one-fourth  of  an  iach  wide  and  1^ 
inches  long,  and  is  placed  in  a  groove  (about  three-sixteenths  of  an 
inch  deep)  in  a  wooden  block,  for  protection  against  mechanical 
injury.  Wires  fastened  to  either  end  of  the  strip  are  carried  back 
through  the  block  and  make  connection  with  the  instruments  in  a 
manner  similar  to  that  described  for  the  pressure  circuit  breakers, 
except  that  circuit  breaker  1  is  connected  to  stud  2  (fig.  14)  on  the 
automatic  commutator.  The  first  point  on  the  commutator  is  con- 
nected to  a  fine  wire  stretched  across  the  entry  in  front  of  the  igniting 
shot.  The  wire  is  similar  to  the  "ignition  wire*'  connected  to  one 
indicator  of  the  B.  C.  D.  manometers. 

Hie  pressure  circuit  breakers  and  flame  circuit  breakers,  in  the 
series  of  tests  here  described,  were  placed  at  intervals  of  100  feet  along 
the  main  entry  of  the  mine  in  the  stations  already  described,  the  first 
one  being  about  100  feet  from  the  igniting  shot. 
72322^—13 5 
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B.  C.  D.  AtJTOMATIC  OA8  SAMPUBB. 

The  apparatus  used  to  obtain  a  sample  of  gas  during  the  explosion 
is  of  the  B.  C.  D.  automatic  type  (PI.  VII,  A),  and  is  designed  to  meet 
the  following  conditions : 

(1)  The  exact  moment  at  which  the  sample  is  taken  with  reference 
to  the  explosion  must  be  known  and  must  be  capable  of  alteration  at 
wiU. 

(2)  There  must  be  no  air  in  any  of  the  connecting  pipe  between  the 
sampling  bottle  and  the  mine  entry. 

(3)  The  time  during  which  the  sample  is  being  taken  must  be  very 
short  if  a  sample  from  only  one  stage  of  the  explosion  is  desired. 

A  steel  sampling  bottle  is  connected  to  a  short  pipe  that  just 
reaches  into  the  mine  entry.  The  inner  end  of  this  pipe  is  closed  by  a 
glass  cap  and  the  whole  (bottle  and  pipe)  is  exhausted  to  a  pressure 
of  about  3  mm.  of  mercury. 

A  circuit  maker,  which  is  similar  to  the  B.  C.  D.  circuit  breaker 
except  that  its  operation  closes  an  electric  circuit  instead  of  opening 
one,  is  placed  at  any  desired  location  in  the  mine.  The  pressure 
wave  causes  the  circuit  maker  to  close  an  electric  circuit  through  a 
fine  fuse  wire  that  holds  back  a  hammer  over  the  glass  cap  of  the 
sampler.  The  current  fuses  this  wire  and  allows  the  spring  to  pull 
down  the  hammer  and  break  the  cap;  then  gas  rushes  through  the 
pipe  and  into  the  exhausted  bottle. 

The  current  also  passes  through  an  electromagnet  in  parallel  with 
the  fuse  wire,  so  that  at  the  same  time  the  wire  is  fused  the  armature 
of  the  magnet  is  pulled  down  and  releases  a  trigger  which  in  turn 
allows  a  small  weight  to  fall.  Gas  enters  the  bottle  during  the  time 
this  weight  is  falling.  To  the  weight  is  attached  a  cord  which,  after 
the  weight  has  fallen  a  short  distance,  suddenly  jerks  a  pin  that 
releases  a  heavy  weight.  This  weight,  by  means  of  a  cord  and  pulley, 
turns  a  valve  that  closes  the  bottle.  The  length  of  time  that  the 
bottle  remains  open  is  regiilated  by  the  length  of  the  cord  attached  to 
the  small  weight. 

The  instant  of  taking  the  gas  sample  is  fixed  by  the  location  of  the 
circuit  maker.  Thus,  if  the  circuit  maker  is  located  alongside  of  the 
gas  sampler,  the  time  of  sampling  will  coincide  with  the  passage  of  the 
front  of  the  pressure  wave.  By  placing  the  circuit  maker  between 
the  gas  sampler  and  the  point  of  ignition,  the  gas  sample  may  be  taken 
in  advance  of  the  pressure  wave. 

ABBANGEMENT  OF  APPABATITS. 

Of  the  above  instruments,  the  pressure-measuring  instruments,  the 
circuit  breakers,  and  the  gas  sampler  and  its  circuit  maker  are  placed 
in  the  various  stations  in  the  mine.    The  tenth  of  a  second  time  marker. 
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the  two  automatic  commutators,  the  chronograph,  the  half-second 
clock,  the  batteries,  and  the  operating  switches  are  placed  in  the 
observation  room.     (See  PI.  VI,  B.) 

The  connections  necessary  for  operating  these  instruments  are 
made  through  two  cables  which  nm  from  the  observatory  to  all  the 
stations  in  the  mine  (see  fig.  8)  through  a  pipe  embedded  in  the  rib 
and  faced  with  concrete  (see  Pis.  II,  A,  V,  A,  VI,  A,  VII,  A).  The 
smaller  cable  contains  three  wires  and  supplies  electrical  power  at  110 
volts  for  the  manometer  motors,  the  gas  sampler,  and  lights  in  the 
mine.  The  lai^er  cable  contains  1  No.  10  wire  and  30  No.  16  wires 
(B.  &  S.  gage)  and  carries  low-voltage  current  from  the  storage 
batteries  only.  This  cable  supplies  the  two  shot-firing  lines,  the 
tenth  of  a  second  and  the  ignition  lines  to  the  manometers,  and  the 
circuit  breaker  lines,  besides  a  number  of  spare  wires  for  special  use. 
The  No.  10  wire  is  used  as  a  common  return  to  the  observation  room 
for  all  circuits. 
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The  most  important  details  of  the  15  experimental-mine  explo- 
sion tests  that  constituted  the  major  part  of  the  investigation  here 
reported  are  given  below  in  condensed  form. 

TEST  1. 

Z>afe.— October  24,  191 1 . 

Purpose, — ^To  determine  the  possibiUty  of  obtaining  a  laige  coal- 
dust  explosion  at  the  mine  and  to  obtain  records  of  the  resulting 
pressures  and  velocities.  ! 

Poird  of  origin  of  explosion. — Face  of  main  entry,  722  feet  from 
mouth. 

Method  of  ignition. — Blown-out  shot  from  a  1  J-inch  pipe  in  the 
coal. 

Charge. — ^Two  pounds  of  FFF  black  blasting  powder,  tamped  with 
2i  inches  of  damp  clay. 

COAL  DUST. 

Source. — Dust  was  groimd  from  bituminous  coal  from  the  Pitts- 
burgh bed  at  Oak  mine,  near  Pittsburgh. 
Size. — Over  98  per  cent  passed  through  a  lOO-mesh  sieve. 
Analysis. — 

Moisture 1. 94 

Volatile  matter 35. 11 

Fixed  carbon 57.  73 

A8h 5.22 

100.00 
Sulphur 1.25 

Z(m€.— Main  entry,  E  722«  to  E  300,  or  422  feet;  gallery  slant: 
Some  old  coal  dust  remaining  on  side  shelves  from  previous  gallery 
tests. 

Position. — E  722  to  E  702  on  bench  just  below  the  hole  containing 
igniting  charge;  E  712  to  E  472  on  temporary  side  shelves;  E  472 
to  E  300  on  transverse  "book"  shelves. 

Quantity. — 500  pounds  of  coal  dust,  or  a  little  more  than  1.18  pounds 
per  linear  foot  of  entry.  The  load  was  equivalent  to  0.315  ounce 
per  cubic  foot  of  space  or  315  grams  per  cubic  meter. 

Inert  zone. — E  300  to  opening,  no  coal-dust  load;  air  course,  no 
coal-dust  load. 

a  An  expression  consisting  of  a  number  preceded  by  the  letter  E  refers  to  a  point  in  the  main  entry 
distant  from  the  end  of  the  buttress  wall  at  the  mouth  of  the  entry  by  the  number  of  feet  indicated. 

66 
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VENTILATION   AND   HUMIDmr  READINGS. 


VentiloHan. — 5,000  cubic  feet  of  air  moving  through  last  cut- 
through. 
Humidity. — 


PRESSURE.  POUNDS 
PER  SQUARE  INCH 


SUtJon. 

Wet  bulb. 

Dry  bulb. 

HumkUty. 

Outside  mine-. 

Third  cut-through  . 

•F. 
44 
56 

52 
57i 

Percent. 
52 
91 

Barometer, — 28.88  inches. 

INSTRUMENTS   AND   RECORDS. 
MANOMETERS. 

Location. — ^Manometer  A  at  station  £  150; 
manometer  B  at  station  E  50. 

Spring. — ^Thirty-poimd  springs  were  used 
in  both  manometers. 

Records. — See  figure  15. 

PRESSURE  CIRCUIT  BREAKERS. 

Location. — ^At  stations  E  150  and  E  50, 
100.25  feet  apart. 

Recorded  time  between  stations. — 0.0513  sec- 
ond. 

Recorded  velocity  between  stations, — 1,954 
feet  per  second. 

Adyustmeni. — Could  be  operated  by  a  pres- 
sure of  5  pounds. 

OUTSIDE   MANIFESTATIONS. 

Length  of  flame, — Huge  masses  of  flame 
burst  out  of  the  openings.  Flame  from  the 
main  opening  estimated  to  have  extended  200 
to  300  feet  (fig.  16). 

Violence  of  explosion. — ^The  roof  of  the  fan 
drift  was  blown  off  and  landed  on  the  tram- 
road  track,  25  feet  distant.  The  2-inch  plank 
stoppmg  at  the  end  of  the  steel  gallery  was 
blown  out.  The  sandbags  on  the  explosion- 
door  section  were  thrown  high  in  the  air,  and 
the  board    framework    beneath   them   was 


s:  \^ 


I-  fe 


Hf- 


i-.j. 
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A  car  that  stood  50  feet  from  the  opening  and  was  filled  with  small 
boards  was  blown  over  the  side  of  the  slate  dump  and  fell  across  a 
wire  fence  90  feet  from  its  first  position. 

A  5-ton  gasoline  locomotive  that  had  stood  just  beyond  the  car 
was  moved  15  feet,  and  its  top  plate,  pivoting  on  the- rear  bolts,  was 
bent  through  180°.  A  car  dump  which  had  been  at  the  end  of  the 
slate  dump  was  blown  30  feet  over  the  west  side  of  the  slate  dump. 
A  steel-plate  door  weighing  about  60  pounds  was  blown  from  a 
point  a  short  distance  within  the  main  entry  over  the  dump  and 

was  half  buried  in  the  ground  in 
the  valley  beyond  the  dump,  200 
feet  from  the  opening. 


SYMBOLS  USED 
X    Origin  uf  expkvJon 
Coal dust 
Flame 
Flame  ouukk  of  mia* 


E722 


INSIDE   OBSERVATIONS. 


E560 


E460 


Eaco 


E160 


EM 


Violence. — The  concrete  wall 
over  the  top  of  the  steel-plate 
door  at  station  E  50  was  cracked 
through  into  the  station.  The 
concrete  lining  was  cracked  along 
the  springing  line  on  both  sides  of 
the  entry  for  50  feet  inb}^  E  50. 
The  concrete  arch  was  cracked 
from  side  to  side  at  three  points, 
18,  30,  and  54  feet  from  the 
opening.  AU  the  steel  rails  and 
timbers  which  had  held  up  the 
roof  at  the  intersection  of  the  first 
cut-through  and  the  main  entry 
were  thrown  down.  Some  of  the 
timbers  were  carried  out  the  entry 
and  some  through  the  air  course, 
but  the  rails  had  simply  dropped 
out  of  place.     The  sandbag  stop- 

FiQURE  16.— Test  1,  extent  of  flame  and  conditions      ping    in    the    SCCOnd    CUt-thrOUgh 

°'^^"  was  piled   against   the  inby  rib. 

Some  bags  were  blown  into  the  entry  and  some  into  the  air 
course.  All  the  posts  and  shelves  outby  the  last  or  inner  cut- 
through  had  been  blown  down  with  the  exception  of  three  posts 
on  the  east  side  of  the  entry.  The  stopping  in  the  air  course 
outby  the  intersection  with  the  gallery  slant  had  been  blown 
down  and  some  of  the  bags  had  been  carried  through  the  air 
course  to  the  opening  117  feet  distant.  The  concrete  arch  in  the 
air  course  just  inby  the  stopping  was  cracked  from  side  to 
side,  as  was  also  the  arch  of  the  gallery  slant  at  the  intersection. 
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Cracks  in  the  gallery  concrete  along  the  springing  line  extended  for 
54  feet  outby  the  intersection  with  the  air  course. 

Coked  dust. — ^Very  Uttle  coked  dust  was  noted.  There  was  a  deposit 
on  the  north  rib  of  the  first  cut-through  near  the  air  course  on  ex- 
posures facing  the  air  course.  Some  coked  dust  was  deposited  on 
the  inby  side  of  the  cap  of  the  first  timber  set  in  the  air  course  outby 
the  first  cut-through. 

Soot  fUameTiia, — In  the  main  entry  inby  the  last  cut-through  were 
found  many  soot  filaments  hanging  from  the  roof  and  ledges  on  the 
ribs.  Some  of  these  were  2  inches  in  length.  A  sample  of  these 
filaments  was  analyzed  with  the  following  result: 

Moisture 1. 51 

Volatile  matter 27. 15 

Fixed  carbon 36. 33 

Aah 35.01 

100.00 
IVolatile  matter  :  fixed  carbon  ::  42.77  :  57.23.) 

It  is  possible  that  the  high  ash  content  was  due  to  impurities  having 
gotten  into  the  sample  when  the  soot  filaments  were  scraped  off 
the  slate  roof. 

NOTES. 

It  had  been  planned  to  cause  this  explosion  by  firing  two  shots, 
one  from  the  pipe  embedded  in  the  face  of  the  entry  and  another 
immediately  f^terwards  from  a  cannon  18  feet  from  the  face.  It 
was  thought  that  the  first  shot  would  blow  up  a  cloud  of  coal  dust 
and  the  second  shot  would  ignite  this  cloud.  However,  the  first 
shot  ignited  the  dust  and  caused  the  explosion.  The  explosion 
disarranged  the  firing  wires  for  the  cannon  and  its  charge  was  not 
fired. 

TEST  2. 

Date.— October  30,  1911. 

Purpose. — Public  exhibition  of  the  explosibility  of  coal  dust  and 
a  determination  of  the  resulting  pressures  and  velocities. 

WitTiesses. — Representative  mining  men  from  all  parts  of  the 
United  States.  Attendance,  about  1,500  persons.  Over  1,200  per- 
sons passed  through  the  mine  and  inspected  the  coal-dust  distribution 
and  the  position  of  the  shot. 

Point  of  origin  of  explosion. — Face  of  main  entry,  E  725.  (The 
face  had  been  advanced  3  feet  since  the  first  explosion  test.) 

Method  of  ignition. — Four  blown-out  shots;  three  from  IJ-inch 
pipes  in  the  coal  and  one  from  a  l^-inch  pipe  lying  on  the  bottom. 

Charge. — ^A  total  of  9i  pounds  of  FFF  black  blasting  powder  in  four 
holes;  each  charge  tamped  with  4  inches  of  damp  clay  stemming. 
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COAL  DUST. 

Source, — ^The  coal  dust  was  ground  from  bituminous  coal  from 
the  Pittsburgh  bed  at  Oak  mine,  near  Pittsburgh. 
Size, — Over  98  per  cent  passed  through  a  100-mesh  sieve. 
Analysis, — 

Moisture 1. 94 

Volatile  matter ' 35. 1 1 

Fixed  carbon 57. 73 

Ash 5.22 

100.00 
Sulphur 1.25 

Zone. — Main  entry,  691  feet  from  face;  first  cut- through,  air  course 
between  first  cut-through  and  gallery  slant,  and  gallery  slant,  481  feet. 
Total  length  of  coal-dust  zone  1,172  feet. 

Position, — E  725  to  E  709  on  bench  below  the  hole  containing  the 
igniting  charge;  E  712  to  E  34  on  temporary  side  shelves,  and  on 
12  *'book"  shelves  placed  at  intervals;  first  cut-through  on  four 
transverse  **book"  shelves;  air  course  and  slant  on  temporary  side 
shelves. 

Quantity, — Six  hundred  and  twenty-seven  pounds  in  the  main 
entiy  (average  cross  section  60  feet),  or  0.907  pound  per  linear  foot, 
which  is  equivalent  to  0.242  ounce  per  cubic  foot  (242  grams  per 
cubic  meter) ;  225  pounds  in  the  branch  from  the  entry  to  the  gallery 
slant  (average  cross  section  48  feet),  or  0.468  pound  per  linear  foot, 
which  is  equivalent  to  0.156  ounce  per  cubic  foot  (156  grams  per 
cubic  meter) . 

Inert  zones, — No  coal-dust  loading  in  the  ah*  course  inby  the  first 
cut-through  or  outby  the  stopping  at  the  gallery  slant. 

VENTILATION   AND   HUMIDrrY  READINGS. 

Ventilation. — ^The  fan  was  furnishing  to  the  gallery  slant  10,600 
cubic  feet  of  air,  and  5,000  cubic  feet  was  passing  through  the  last 
cut-through. 

Humidity, — ^About  11.30  a.  m.  a  drizzling  rain  began  which  con- 
tinued the  rest  of  the  day,  so  that  the  air  throughout  the  mine  was 
probably  in  a  nearly  saturated  condition  at  the  time  of  the  explosion. 

ATTEMPTS  TO   FIRE   IGNrTING   SHOT. 

After  all  the  visitors  who  wished  to  inspect  the  mine  had  done  so, 
the  shot-firing  lines  were  connected  to  the  lead  wires  of  the  electric 
igniters  in  the  charge,  and  after  all  persons  had  withdrawn  to  positions 
of  safety,  and  the  prearranged  warning  signals  given,  the  firing  button 
was  pressed,  closing  the  circuit.     No  explosion  resulted.    An  inspection 
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of  the  shotr-firing  lines  in  the  mine  disclosed  a  short  circuit  in  the 
Ubgs  where  they  had  been  trampled  by  some  of  the  visitors.  A 
second  trial  resulted  in  a  second  failure.  As  the  place  of  short-cir- 
cuiting was  not  found  by  a  second  inspection,  an  entire  new  shot-firing 
fine  was  installed.  It  was  evening  before  the  warning  signals  were 
given  for  a  third  time,  when  the  button  was  pressed  and  an  explosion 
resulted. 

INSTRUMENTS   AND   RECORDS. 
MANOMETERS. 

LoeoHon. — ^Manometer  A  at  station  E  150;  manometer  B  at  station 
E  50. 

Spring. — Thirty-pound  springs  were  used  in  both  manometers. 

Records. — ^As  tiie  motors  which  drive  the  drums  of  the  recording 
manometers  did  not  run  during  the  explosion,  the  records  showed 
the  maximum  pressures  only.  Maximum  pressure  of  manometer 
A,  26.5  pounds;  manometer  B,  21.3  pounds. 

PRESSURE   CIRCUIT  BREAKERS.  . 

Pressure  circuit  breakers  were  installed  at  station  E  150  and 
station  E  50. 

Records. — No  velocity  records  were  obtained.  When  new  shot- 
firing  wires  were  installed  after  the  second  failure  to  obtain  the 
explosion,  the  batteries  used  to  operate  the  recording  apparatus 
were  disconnected  from  the  apparatus  and  connected  to  the  shot- 
firing  line. 

OUTSIDE   MANIFESTATIONS. 
LBNOTH  OF  FLAME. 

The  flame  burst  out  of  all  openings  almost  simultaneously  and 
seemed  to  fill  the  valley  from  the  main  opening  to  the  opposite  hill  (fig. 
17).  It  was  estimated  that  the  flame  from  the  main  opening  extended 
horizontally  nearly  500  feet,  and  from  200  to  300  feet  vertically. 
The  vertical  estimate  is  probably  much  too  great,  the  glare  on  the 
cbuds  making  the  height  seem  greater  than  it  really  was.  A  tree 
153  feet  from  the  main  opening  was  ignited  at  a  point  46  feet  above 
the  level  of  the  ground  at  the  mine  opening. 

INDICATIONS  OF  VIOLENCE. 

Before  the  explosion  a  mine  car  containing  several  hundred  pounds 
of  material  had  been  on  the  mine  track  in  the  line  of  the  entry  40 
feet  from  the  opening.  Twenty-five  feet  beyond  the  car  mentioned 
had  stood  a  car  loaded  with  coal,  the  total  weight  of  which  was 
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SYMBOLS  US£D 
X  Oriffln  of  exploakm 


ES60 


E460 


E260 


about  2  tons.  The  partly  filled  car  was  hurled  over  the  loaded  one 
and  thrown  a  distance  of  184  feet  into  the  ravine  beyond  the  dump. 
It  bounded  four  times  after  the  first  landing  and  came  to  rest  at  a 
point  45  feet  beyond  the  first  landing  place;  the  total  travel,  meas- 
ured horizontally,  was,  therefore,  229  feet.     The  loaded  car  first 

mentioned,  even  with  the  brakes 
ET*  set,  was  driven  along  the  track 
and  finally  derailed  70  feet  beyond 
^^  its  original  position.  The  hill  op- 
posite the  mine  was  strewn  with 
pieces  of  shelving  and  posts  (PI. 
V,  B),  Posts  5  to  6  feet  long  and 
6  inches  in  diameter  were  found 
413,  354,  and  250  feet  from  the 
mine  opening. 

A  sandbag  from  the  sandbag 
stopping  in  the  air  course  at  the 
intersection  of  the  air  course  and 
gallery  slant  was  found  45  feet 
from  the  air-course  opening. 
Many  other  bags  were  found  be- 
tween this  point  and  the  opening; 
many  of  them  had  been  torn  and 
the  sand  spiUed  out.  The  sand- 
bag farthest  from  the  explosion- 
door  section  that  was  blown  to  the 
north  was  found  115  feet  distant. 
Many  bags  were  found  scattered 
between  this  point  and  the  explo- 
sion-door section.  A  consider- 
able number  of  the  bags  were  blown 
high  in  the  air  and  a  rain  of 
sand  resulted  from  their  becom- 
ing broken  and  torn.  One  of  the 
bags  was  caught  in  a  tree  near 
the  explosion-door  section  at  a 
height  of  72  feet  above  its  original 
position. 

The  "danger"  signboard  nailed 
on  the  cap  at  the  air-course  open- 
ing was  blown  off  and  was  found 
140  feet  to  the  northeast.  A  piece  of  corrugated  iron  2  feet  wide  and 
7  feet  long,  which  had  been  placed  over  the  bags  at  the  explosion- 
door  section,  was  found  110  feet  to  the  north.  A  second  sheet  of 
corrugated  iron  from  the  explosion-door  section  was  found  260  feet 


FiGXTBE  17. 
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to  the  northeast.  A  telephone  pole  5  inches  in  diameter,  which  stood 
northeast  of  the  tool  house,  was  struck  by  a  flying  timber  from  the  fan 
drift  and  was  broken  square  off  at  a  point  4  feet  9  inches  from  the 
ground.  A  second  piece  of  the  fan  drift  was  found  100  feet  northeast 
of  its  oiig^al  position.  Two  windows  on  the  south  side  of  the  tool 
house  fell  out  toward  the  fan  drift;  this  was  no  doubt  due  to  a  suction 
following  the  pressure  wave  of  the  explosion.  Two  lights  in  a  window 
on  the  south  side  of  the  blacksmith  shop  were  broken.  The  1-inch 
board  door  and  stopping  at  the  end  of  the  steel  gallery  was  blown 
into  small  pieces  and  scattered  over  the  dirt  backstop.  Flame  also 
issued  from  the  end  of  this  gallery.  Many  sandbags  from  the  explo- 
sion-door section  fell  to  the  south  of  the  gallery,  some  as  far  as  100 
feet  up  the  hill.  One  bag  became  caught  on  a  limb  of  a  tree,  42  feet 
from  the  ground  and  110  feet  from  the  explosion-door  section.  A 
piece  of  corrugated  iron  was  found  on  the  upper  side  of  a  fence  at  a 
point  1 10  feet  south  from  its  original  position.  Many  pieces  of  board 
were  found  in  this  field,  some  as  far  distant  as  235  feet  from  their 
positions  before  the  explosion. 

INSIDE   INDICATIONS   OF   VIOLENCE. 

The  action  of  great  force  was  indicated  in  the  concrete  section  of 
the  main  entry  by  numerous  fractures  of  the  concrete,  particularly 
along  the  springing  lines,  and  by  the  exposure  and  bending  of  many 
of  the  vertical  reinforcing  rods.  The  concrete  arch  had  manifestly 
been  lifted  by  the  explosion,  thus  causing  the  vertical  reinforcing 
rods  to  be  thrown  in  tension.  The  rods  tended  to  become  straight 
where  they  curved  around  the  arch  at  the  springing  line,  and  this 
tendency  caused  the  breaking  out  of  the  concrete  between  the  rods 
and  the  face  of  the  concrete.  A  crack  in  the  concrete  at  the  springing 
Ime  on  the  east  side  of  the  entry  extended  from  a  point  44  feet  from 
the  opening  to  a  point  118  feet  inby.  On  the  west  side  the  springing- 
fine  crack  extended  44  feet  to  a  point  117  feet  inby.  A  large  trans- 
verse crack  (PL  VI,  C)  was  opened  in  the  concrete  arch  at  this  point; 
for  some  distance  inby  this  point  the  arch  seemed  to  have  been  lifted 
bodily  out  of  its  place,  and  at  this  point  it  did  not  return  to  its  former 
position  but  still  remained  11  inches  higher  up.  When  the  concrete 
lining  was  originally  put  in  at  this  point  a  faU  of  roof  occurred,  and 
after  the  concrete  lining  had  been  put  in,  loose  dirt  was  tamped  into 
the  hole  in  order  to  fill  it  as  completely  as  possible;  later  the  mate- 
rial settled,  as  there  probably  was  a  cavity  above  the  concrete  at 
this  point.  Practically  all  of  the  posts  of  the  coal-dust  shelving  sets, 
from  the  concrete  section  in  to  E  612,  were  blown  out.  Inby  this 
point  the  shelving  sets  seemed  to  have  been  merely  upset.  There 
had  been  a  7-foot  sandbag  stopping  in  the  second  cut-through.  Prac- 
tically all  of  the  stopping  bags  were  moved  out  of  place;  most  of 
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them  were  thrown  against  the  inby  rib,  and  some  were  scattered  out 
into  the  entry  and  air  course.  The  inby  rib  was  coated  with  a  layer 
of  sand  from  the  broken  bags. 

The  center  hole  at  the  face  was  enlarged  or  *'cratered"  for  several 
feet.  The  west  shot  merely  ''cratered"  the  front  of  the  hole  slightly, 
while  the  east  shot  cracked  the  coal  vertically.  The  hole  from  the 
center  shot  was  partly  filled  with  dirt  and  broken  pieces  of  wood 
which  seemed  to  have  been  blown  ba«k  into  the  hole  by  an  air  move- 
ment rushing  back  toward  the  face  to  fiU  the  vacuum  following  the 
pressure  wave  of  the  explosion. 

There  had  been  a  sandbag  stopping  across  the  air  course  just  outby 
its  intersection  with  the  gallery  slant.  This  was  thrown  down  and 
the  bags  scattered  along  the  air  course  to  a  point  55  feet  outside  of 
the  opening.  After  the  explosion  the  inrushing  air  carried  inby 
some  of  the  sandbags  to  the  intersection  with  the  gallery  slant  and 
some  were  thrown  by  the  blast  into  the  gaUery  slant  to  points  15  to 
54  feet  from  the  intersection. 

The  concrete  pillar  at  the  intersection  of  the  two  entries  was 
cracked  horizontally  about  3^  feet  from  the  bottom  and  while  the 
upper  half  was  raised  by  the  pressure  of  the  explosion,  a  piece  of 
brattice  cloth  and  a  stick  were  caught  in  the  crack  when  the  concrete 
descended  (PI.  VIII,  A).  The  wooden  doors  in  the  air  course 
were  blown  open  and  the  hinge  posts  moved  outby  3  to  4  inches. 
The  lifting  of  the  arch  of  the  concrete  section  of  the  gallery  slant  caused 
longitudinal  cracks  along  the  springing  lines  almost  the  entire  length 
of  the  entry.  There  were  numerous  exposures  of  the  vertical  rein- 
forcement near  the  springing  line,  and  in  some  cases  the  short  diagonal 
braces  from  the  crossbars  to  the  posts  of  the  temporary  timber  sets 
behind  the  concrete  lining  were  exposed. 

At  O  168  <*  one  of  the  vertical  reinforcement  rods  was  exposed  for 
3^  feet  and  the  middle  portion  was  bent  7  inches  outby  the  original 
position.  At  G  164^  the  roof  in  rising  pulled  the  reinforcing  rod  up 
and  when  it  settled  again  the  rod  became  buckled  (PI.  YIII,  B); 
measurements  of  the  buckled  portion  indicated  that  the  roof  had 
lifted  1  foot.  The  cover  at  this  point  was  8  feet.  At  G  161  '^  the  con- 
crete was  cracked  across  the  arch.  The  roof  seemed  to  have  settled 
slightly  inby  its  original  position. 

COKE   AND   COKED  DUST. 

There  were  coke  deposits  on  the  inby  comer  of  the  entry  and 
second  cut-through  and  some  coked  dust  on  the  west  rib  opposite 

a  One  hundred  and  sixty'eight  feet  team  outer  end  ol  Iron  gallery  or  26  feet  from  mouth  of  g&Uery  slant, 
b  One  hundred  and  sixty-four  feet  from  outer  end  of  iron  gallery  or  22  feet  from  mouth  of  gaUery  slant, 
c  One  hundred  and  sixty-one  feet  from  outer  and  of  iron  gallery  or  19  feet  from  mouth  of  gallecy  slant. 
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the  second  cut^through.  At  E  560  there  were  coked-dust  deposits 
on  the  outby  exposures  of  both  the  east  and  the  west  ribs,  also  in  the 
inby  cracks  on  the  entry  rib  near  the  third  cut-through.  At  E  635 
on  a  shelving  post  still  standing  there  was  a  deposit  of  coked  dust 
on  the  inby  side. 

In  the  third  cut-through  the  coal  on  each  rib  was  blistered  very 
badly  (PI.  X).  Coked-dust  deposits  began  to  appear  about  20  feet 
from  the  entry  in  going  toward  the  air  course  on  the  inby  side  of  the 
cut^through  on  the  exposures  facing  the  air  course  and  increased  in 
amount  toward  the  air  course.  Practically  all  coked  dust  on  the 
outby  side  of  the  cut-through  was  on  the  exposures  facing  the  entry. 

At  A  654  *  there  were  heavy  deposits  of  coked  dust  in  the  crevices 
at  the  comer  of  the  cut-through. 

Twenty  feet  inby  the  cut-through  on  the  west  side  of  the  air  course 
were  deposits  of  coked  dust  on  the  outby  exposures  and  coke  bubbles 
along  the  bedding  planes  of  the  coal  (PL  XI).  This  coking  effect 
has  been  termed  *'coke  in  situ." 

There  were  frequent  deposits  of  coked  dust  (PI.  XII,  A)  on  both 
sides  of  the  air  course  from  the  third  cut-through  to  the  second 
cut-through,  principally  on  the  outby  exposures.  From  the  second 
cut-through  to  the  first  the  deposits  were  smaller  and  less  frequent. 

On  the  north  rib  of  the  blind  cut-through  at  A  550  near  the  comer 
of  the  air  course  the  rib  was  considerably  blistered,  and  particles  of 
coke  were  formed  in  place,  grouped  along  the  bedding  planes  of  the 
coal  bed. 

SOOT   COATING. 

In  the  entry  inby  the  third  cut-through,  the  walls,  roof,  and  floor 
were  coated  with  soot,  and  threads  or  filaments  of  soot  up  to  several 
inches  in  length  were  hanging  from  the  roof  (PI.. XII,  B).  The  un- 
bumed  hydrocarbons  were  seemingly  deposited  from  the  quiet  atmos- 
phere after  the  explosion,  the  ventilation  not  being  reestablished 
until  the  following  day.  The  analysis  of  the  hanging  filaments  was 
as  follows: 

Moisture 2.25 

Volatile  matter 41.  48 

Fixed  carbon 49.  60 

Adi 6.67 

100.00 
[Volatile  matter  :  fixed  carbon  ::  45.54  :  54.46.] 

The  ash  content  was  slightly  higher  than  the  ash  content  of  the 
original  dust,  but  the  percentage  of  volatile  matter  in  the  ratio  of 
volatile  matter  to  fixed  carbon  increased  considerably. 

0  A  point  in  the  air  oourse  nearly  opposite  E  M4. 
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ANALYSES  OF  SAMPLES. 


Samples  of  coked  dust,  blistered  coal,  stalactitic  carbon,  and 
road  dust  were  obtained  and  analyzed  after  the  explosion. 

The  results  of  a  proximate  analysis  of  a  combined  sample  of 
blistered  coal  from  the  west  rib  of  the  air  course  and  the  north  rib  of 
the  last  cut-through  are  given  below.    For  purposes  of  comparison- 
the  results  of  an  analysis  of  a  representative  sample  of  the  unaltered 
coal  are  given  also. 

Results  of  analyse!  of  blistered  and  of  unaltered  coal. 


Constituent. 

Blistered 
ooal. 

Unaltered 
ooal. 

Moisture 

Percent. 

1.64 

34.56 

60.49 

3.31 

Percent. 
2.73 

VolAtiJe  matter 

36.03 

Fixed  carbon... 

54.98 

Ash - 

6.26 

Total 

100.00 

100.00 

[Proportion  for  blistered  coal— Volatile  matter  :  fixed  carbon  : 
coal— VolatUe  matter  :  fixed  carbon  ::  39.50  :  60.41.] 


;  63.64;  proportion  for  unaltered 


A  comparison  shows  that  the  percentage  of  volatile  matter  as  com- 
pared with  fixed  carbon  is  less  in  the  blistered  coal  than  in  the  unal- 
tered coal.  The  low  ash  content  of  the  blistered  coal  undoubtedly 
is  not  significant  of  change.  By  accident  the  layer  of  coal  had  a 
much  lower  content  than  normal. 

Two  other  samples  of  blistered  coal  were  taken  in  the  third  cut- 
through.  One  was  taken  by  cutting  off  as  thin  a  slice  as  possible  from 
the  blister;  the  other  represented  a  second  thin  layer  beneath  the 
first.  It  was  thought  that  the  analysis  of  the  first  sample,  because 
of  the  blistering  that  caused  the  curved  surfaces  on  the  face  of  the 
coal,  might  show  different  results  than  did  the  analysis  of  the 
unaltered  coal.     The  results  of  both  analyses  were  as  follows: 

Results  of  analyses  of  two  layers  of  blistered  coal. 


Constituent. 


Moisture 

Volatile  matter. 
Fixed  carbon... 
Ash 

Total 


First 
layer. 

Second 
layer. 

1.82 
36.17 
65.45 

6.56 

1.75 
37.83 
57.25 

3.17 

100.00 

100.00 

[Proportion  for  first  layer— Volatile  matter  :  fixed  carbon  : 
Volatile  matter  :  fixed  carbon  ::  39.79  :  60.21.] 


9.48  :  60.52;  proportion  for  second  layer- 
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BULLETIN   69      PLATE  X 


BLISTERED  COAL  RIB,  TEST  2. 
Note  rounded  faces  where  the  outer  shell  of  soot-coated  coal  spalled  off  after  cooling. 
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BULLETIN    56      PLATE  XI 


COKE  BUBBLES  FORMED  ALONG  BEDDING  PLANES  OF  COAL  TEST  2. 
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BUREAU    OF   MINES 

BULLETIN    M      PLATE   XII 

■^^^^^^^«   *''*if  St  ^r         -  riK^H 

^^^^Hk^         ^^^^^^^^^^^^11 

■kl 

^                    ^^^^^^^^^^^^^^^1 

^Bh  ^    ^     ^^^^^^^^^^^^^B 

A.     COKED  DUST.  TEST  2. 


B.     COATING  AND  FILAMENTS  OF  SOOT,  TEST  2. 
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The  results  of  the  analyses  show  practically  no  change  in  com- 
position as  compared  with  the  results  of  analysis  of  unaltered  coal. 
The  low  percentage  of  ash  shown  by  the  second  analysis  is  not 
significant  on  account  of  the  small  size  of  the  sample. 

The  bright  conchoidal  surfaces  of  a  blister  were  exposed  when  a 
thin  scale  dropped  from  the  blister.  As  both  the  scale  and  the 
blistered  coal  were  included  in  the  above  analyses,  the  results  would 
indicate  that  a  change  in  physical  appearance  does  not  seem  to  be 
accompanied  by  any  great  change  in  chemical  composition. 

The  results  of  an  analysis  of  the  standard  dust  used  in  this  experi- 
ment were  as  follows : 

Moisture L  94 

VolatQe  matter 36. 11 

Fixed  carbon 67.  73 

Ash 5.22 

100.00 
[Volatile  matter :  fixed  carbon  ::  37.82  :  02.18.] 

A  sample  of  coked  dust  from  the  outby  exposures  on  the  inby 
comer  of  the  last  cut-through  and  the  air  course  was  analyzed  witJi 
results  as  follows: 

lloiBture L  61 

Volatile  matter 22.32 

Fixed  carbon 42.  39 

Aah 33.78 

100.00 
[Volatile  matter  :  fixed  carbon  ::  34.40  :  65.51.] 

This  analysis  shows  a  decrease  of  the  percentage  of  volatile  matter 
in  the  ratio  of  volatile  matter  to  fixed  carbon,  and  a  large  increase 
in  the  percentage  of  ash,  probably  caused  by  partial  combustion  of 
the  coal  dust  and  to  a  mixing  of  the  coal  dust  with  some  high-ash 
material  from  the  roof  or  floor. 

Analysis  of  a  sample  of  the  road  dust  showed  the  following  results: 

Moisture 2.  00 

Volatile  matter 24.  22 

Fixed  carbon 33. 01 

Afih : 40.77 

100.00 
[Volatile  matter  :  fixed  carbon  ::  42.32  :  57.68.] 

This  analysis  shows  a  large  increase  in  the  percentage  of  ash,  as 
might  be  expected,  because  the  sample  was  taken  from  the  entry 
bottom  where  the  coal  dust  might  have  become  mixed  with  incom- 
bustible material  and  because  a  large  proportion  of  the  combustible 
material  in  the  coal  dust  had  been  consumed.  In  regard  to  the 
increased  proportion  of  volatile  matter  to  fixed  carbon  the  possible 
explanation  is  that  the  sample  contained  a  quantity  of  highly  volatile 
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soot  which  settled  out  of  the  smoke  after  the  explosion,  rather  than 
that  more  fixed  carbon  than  volatile  matter  had  been  burned  in  the 
explosion,  but  may  be  due  to  the  water  of  combination  of  the  in- 
cluded shale  or  limestone  dust. 

TEST  3. 

jDote.— January  31,  1912. 

Purpose  of  test, — Study  of  the  propagation  of  coal-dust  explosions 
and  the  eflFect  of  a  TaflFanel  stone-dust  barrier. 

Special  conditions. — Subsequent  to  October  30,  1911,  permanent 
shelving  had  been  installed  throughout  the  length  of  the  main  entry; 
5  new  circuit-breaker  stations  had  been  installed  at  points  E  250, 
E  350,  E  450,  E  550;  and  E  650;  and  a  remforced-concrete  stopping 
had  been  built  in  the  first  cut-through. 

Point  of  origin  of  explosion, — ^Face  of  main  entry,  E  738. 

Method  of  ignition, — Blow-out  shot  from  a  IJ-inch  pipe  in  the  coal. 

Ignition  charge, — ^Two  pounds  of  FFF  black  blasting  powder, 
tamped  with  5  inches  of  damp  clay  stemming. 

COAL  DUST. 

Source, — ^The  coal  dust  was  ground  from  bituminous  coal  from 
the  Pittsburgh  bed  at  Willock,  Pa. 
Size, — Over  95  per  cent  passed  through  a  100-mesh  screen. 
ATwlysis, — 

Moisture 3w  13 

Volatile  matter 32.  71 

Fixed  carbon 51  40 

Ash 9.  76 

100.00 
Sulphur 1. 44 

Zon^.— Main  entry,  E  738  to  E  654,  or  84  feet. 

Position, — E  738  *  to  E  722  on  a  bench  placed  just  below  the  level  of 
the  hole  containing  the  igniting  charge;  E  733  to  E  654  on  permanent 
side  shelves  on  both  sides  of  the  entry. 

Quantity. — One  hundred  and  five  poimds  of  coal  dust:  26  pounds 
on  bench  and  remainder  on  side  shelves,  distributed  1  pound  per 
foot. 

Inert  zone. — ^The  main  entry  was  watered  from  E  650  to  the  opening. 
The  air  course  was  also  sprinkled  throughout  its  length. 

a  The  main  entzy  face  was  advanced  from  E  725  to  £  738  in  the  interim  between  tests  2  and  3. 
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TAFFANEL  BARRIER. 

Location. — ^In  the  air  course,  extending  from  5  to  85  feet  outby 
third  cut-through. 
Number  of  shelves. — ^Eleven. 

Distance  between  sTidves. — About  8  feet  from  center  to  center. 
Width  of  shelves. — Twenty-four  inches. 
Depth  of  shelves. — ^Two  inches. 

Depth  of  stone  dust. — Seven  and  one-half  to  eight  inches. 
Area  of  obstruction. — 13.81  per  cent  of  total  cross  section. 
Analysis  of  stone  dust. — 

Oiganic  hydrogen 0.15 

Organic  carbon 1. 98 

Moisture  (at  lOS**  C.) 2.57 

Inorganic  volatile  matter  (combined  water,  CO2,  etc.) 8. 42 

Aah 86.88 


Ventilation  and  humidity  readings. 


100.00 


Station. 

Wet 
bulb. 

bult. 

Barom- 
eter. 

Humid-       Croes 
Ity.        section. 

Velocity. 

Volume. 

G310«.                    

•F. 
26 
43 
41 

•F. 

29 
45 
42 

28.89 
28.86 
28.875 

Per  cent.  1     Feet. 
67     61  bv  64 

Feet  per 
minute. 

192 

Cubic  feet 
per  minute. 

7,488 

EffiO 

86 
92 

E50                    

9   by6i 

75 

4,388 

a  310  feet  from  mouth  of  gallery. 
INSTRUMENTS   AND  RECORDS. 

MANOMETERS. 

Location. — Manometer  A  (suction)  at  station  E  50;  manometer  B 
(pressure)  at  station  E-50;  manometer  C  (pressure)  at  station  E  150. 

Springs. — ^Manometers  B  and  C  were  equipped  with  200-pound 
springs. 

Records. — Pressure  too  small  to  be  recorded. 

PRESSURE  CIRCUIT  BREAKERS. 

Location.— At  stations  E  50,  E  150,  E  250,  E  350,  E  450,  E  550, 
E650. 
Adjustment. — Set  to  operate  at  a  pressure  of  5  pounds. 
Records. — Pressure  circuit  breaker  at  station  E  650  operated. 

FLAME  CIRCUIT  BREAKERS. 

Type. — Detonator,  coated  inside  and  outside  with  silver  carbide 
(seep.  63). 
Location. — Stations  E  50  to  E  650,  inclusive. 
Records. — ^Flame  circuit  breaker  at  station  E  650  operated. 

72322**— 13 6    . 
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OUTSIDE   MANIFESTATIONS. 

A  cloud  of  dust  blew  out  the  explosion-door  section  first.  The 
doors  at  the  top  of  the  shaft  blew  open  and  a  cloud  of  light-colored 
dust  came  out.  At  the  main  entry  a  little  dust  blew  out  the  opening. 
The  most  noticeable  feature  outside  the  mine  was  the  swirling  up  of 
the  snow  from  the  main  opening  to  the  end  of  the  dump. 

INSIDE   OBSERVATIONS. 


Method  of  placing 

■helf  (11  UMd)  of 

Taffanel  barriec 

across  entry 


SYMBOLS  USBD 
iMWi  Taf f anel  barrisr 
mmnf,  Coaldtist 


>  Sottoin  wet 


•CALC  IN  PECT 
10  »  M        100 


JOO 


E7B8 


BflM 


EtfO 


Few  indications  of  ^nolence  were  noted.    The  first  door  in  the  air 
course  was  blown  open  2  feet.    A  board  from  the  door  was  found  in 

the  air  course  6  feet  outby. 
The  second  door  was  cracked 
in  the  middle  and  the  iron 
straps  on  it  were  bent  inby. 
There  was  more  or  less  coal 
dust  scattered  throughout  the 
air  course,  there  being  heavy 
deposits  of  coal  dust  on  the 
shelves  of  the  Taffanel  barrier. 
Black  damp. — ^The  doors  were 
closed  so  that  the  black  damp 
could  be  cleared  out.  Three 
minutes  after  the  doors  had 
been  closed  a  heavy  cloud  of 
smoke  started  to  come  out  and 
continued  for  15  minutes. 

Length  of  flame. — ^The  length 
of  the  flame  was  indicated  by 
guncotton  tufts  that  had  been 
suspended  from  the  roof  at 
intervals  of  25  feet.  The  flame 
in  the  entry  was  159  feet  long, 
and  the  branch  flame  in  the 
third  cut- through  and  in  the  air 
course  was  63  feet  long  (fig.  18). 
Efficiency  of  barrier. — ^It  b  to 
be  noted  that  the  flame  did  not  extend  through  the  barrier.  The  flame 
might  or  might  not  have  extended  farther  if  the  barrier  had  not 
been  there.  The  barrier  probably  did  not  have  much  of  a  quenching 
effect  as  the  stone  dust  was  only  slightly  disturbed. 


E2W 


EUO 


EM 


Figure  18.~Test  3,  extent  of  flame  and  conditions  of 
test. 
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TEST  4. 

i?afe.— January  31,  1912. 

Purpose. — ^To  determine  the  possibility  of  an  explosion  from  the 
same  dust  as  was  used  in  preceding  test. 

Point  of  origin  of  explosion. — Face  of  main  entry,  E  738. 

Method  of  ignition. — Blown-out  shot  from  IJ-inch  pipe  in  the  coal. 
The  hole  in  which  the  igniting  charge  was  placed  was  2  feet  4  inches 
above  the  bottom,  and  16  inches  from  the  west  rib.  The  axis  of  the 
hole  intersected  the  floor  16  feet  from  the  face. 

Ignition  charge. — ^Two  pounds  of  FFF  black  blasting  powder, 
tamped  with  5  inches  of  damp  clay  stemming. 

COAL  DUST. 

Zone.—E  738  to  E  654,  84  feet. 

Position. — E  738  to  E  732  on  bench  placed  just  below  the  level  of 
the  hole  containing  the  igniting  charge;  E  733  to  E  654  on  permanent 
side  shelves  on  both  sides  of  the  entry. 

Quantity. — ^Twenty-six  pounds  of  fresh  dust  was  placed  on  bench 
m  front  of  shot;  dust  on  the  shelves  was  that  remaining  from  the 
preceding  test  in  which  105  pounds  had  been  used. 

Iihert  zone. — Preceding  the  previous  test  the  main  entry  had  been 
watered  from  E  650  to  the  opening.  Some  coal  dust  had  been  blown 
from  the  shelves  onto  the  floor  of  the  entry  from  E  650  outby,  so 
that  this  zone  was  not  as  inert  as  it  had  been  in  test  3.  The  air 
course,  for  a  like  reason,  had  a  thin  coating  of  coal  dust  on  the  floor. 

TAFFANEL   BARRIER. 

Location. — In  the  air  course,  extending  from  5  to  85  feet  outby  the 
third  cut^through. 

Number  of  shelves. — ^Eleven. 

Distance  between  shelves. — About  8  feet  from  center  to  center. 

Width  of  shelves. — ^Twenty-four  inches. 

Depth  of  shelves. — ^Two  inches. 

Depth  of  stone  dust. — Seven  and  one-half  to  8  inches. 

Obstruction. — 13.81  per  cent  of  the  total  cross  section. 

Analysis  of  stone  dust. — 

Organic  hydrogen 0. 15 

Organic  carbon 1.  98 

Moisture  (at  105*»  C.) 2.57 

Inoiganic  volatile  matter  (combined  water,  COj,  etc.) 8. 42 

Ash 86.88 

100.00 
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INSTRUMENTS   AND  RECORDS. 

No  instruments  were  used  in  this  test. 

OUTSIDE   MANIFESTATIONS. 

The  steel  sheets  over  the  explosion-door  section  rattled,  but  were 
not  moved  to  any  great  extent  by  the  explosion.  The  second  puff 
blew  open  the  east  door  on  top  of  the  air  shaft.  Eight  well-defined 
puffs  of  smoke  were  seen  to  come  from  the  shaft.  The  only  indica- 
tion of  an  explosion  at  the  main  entry  was  a  flurry  of  snow  and  dust 
from  the  opening  to  the  end  of  the  dump. 

INSIDE  OBSERVATIONS. 

An  examination  of  the  face  of  the  entry  showed  that  the  pipe  in 
which  the  charge  had  been  placed  was  split  its  entire  length,  and  the 
coal  was  broken  for  18  inches  back  from  the  front  of  the  hole. 

Shelves  from  E  650  to  E  350  had  a  fine  coating  of  coal  dust  which 
had  been  blown  from  the  dust  zone.  A  deposit  of  coked  dust  was 
found  on  the  east  shelf  outby  the  third  cut-through. 

The  shelves  from  E  738  to  E  610  were  coated  with  soot  deposited 
from  the  smoke  of  the  explosion.  A  small  deposit  of  coked  dust  was 
found  on  the  shelves  inby  E  670. 

LENGTH  OF  FLAME. 

None  of  the  strips  of  guncotton  unaffected  by  the  preceding  explo- 
sion was  affected  by  this  explosion.  It  is  probable  that  the  length 
of  flame  of  the  two  explosions  was  about  the  same. 

TEST  6. 

ZJote.— February  2,  1912. 

Purpose, — ^In  test  3  of  January  31,  the  circuit  breaker  at  station 
E  650  operated,  but  none  of  the  other  circuit  breakers  was  acted  on 
by  sufficient  pressure  to  break  the  circuits.  It  was  thought  that  had 
the  circuit  breakers  in  the  preceding  explosion  been  so  adjusted  that 
they  would  have  been  operated  by  less  pressure,  more  records  would 
have  been  obtained.  Therefore,  this  test  was  made  to  determine 
what  was  the  least  pressure  to  which  they  could  be  adjusted  and 
still  not  be  operated  by  a  blown-out  shot  in  the  coal  face. 

Point  of  origin  of  explosion. — Face  of  main  entry,  E  744. 

Method  of  ignition.^-BlownrOut  shot  from  IJ-inch  pipe  in  the  coal. 

Charge. — ^Two  pounds  of  FFF  black  blasting  powder  tamped  with 
5  inches  of  damp  shale  dust. 

Coai  dust. — No  coal  dust  used  in  this  test. 

Inert  zone. — ^Main  entry  watered  the  entire  distance. 
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Ventilation. — In  order  to  determine  whether  the  mine  was  pro- 
ducing any  gas,  the  fan  was  shut  down  for  14  hours  preceding  this 
test  and  two  samples  of  gas  were  taken;  one  at  the  face  of  the  air 
course  and  one  at  the  face  of  the  ejitry,  with  results  as  follows: 

Analysis  of  air-course  sample. 

CO, 0.07 

Os 20.59 

CO 00 

CH4 06 

N 79.28 

100.00 
Analysis  of  entry  sample, 

COj 0.06 

0, 20.58 

CO 00 

CH4 04 

N : 79.32 

100.00 

The  above  results  of  analyses  show  that  very  little  methane  had 
accumulated  during  the  time  the  fan  had  been  shut  down.  On  the 
basis  of  the  analysis  results  no  perceptible  amount  of  gas  would  be 
found  with  the  ventilation  in  normal  condition.  After  the  samples 
had  been  taken  the  fan  was  started  so  that  the  ventilation  conditions 
of  this  test  would  be  similar  to  those  of  test  3. 

INSTRUMENTS   AND   RESULTS. 

Pressure  circuit  hredkers. — ^Two  pressure  circuit  breakers  were 
installed  in  the  station  at  E  650;  one  was  adjusted  so  as  to  be  oper- 
ated by  a  pressure  of  1  pound  and  the  other  by  a  pressure  of  2  pounds. 

Length  of  flame. — Guncotton  tufts  at  E  704  and  E  729  were  ignited 
either  by  the  flame  from  the  shot  or  more  probably  by  a  flying  particle 
of  burning  powder. 

Results. — Only  the  circuit  breaker  set  at  1  pound  operated.  It  was 
concluded,  therefore,  that  circuit  breakers  set  at  2  pounds  would  not 
be  operated  by  the  pressure  from  a  blow-out  shot  from  a  IJ-inch  pipe, 
with  the  charge  and  the  stemming  of  this  test. 

TEST  6. 

Z>afe.— February  3,  1912. 

Purpose. — Study  of  the  propagation  of  a  coal-dust  explosion,  and 
of  the  effect  of  Taffanel  stone-dust  barrier  with  coal-dust  zone  of  190 
feet. 

Origin  of  explosion. — Face  of  the  main  entry,  E  744. 

Method  of  ignition. — ^Blown-out  shot  from  l^-inch  pipe  in  the  coal. 
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Charge. — ^Two  pounds  of  FFF  black  blasting  powder,  tamped  with 
5  inches  of  damp  shale  dust. 

COAL  DUST. 

Source, — ^The  coal  dust  was  ground  from  bituminous  coal  from  the 
Pittsburgh  bed  at  Willock,  Pa. 

Si2e. — Over  95  per  cent  passed  through  a  100-mesh  screen. 
Analysis, — 

Moisture 3. 13 

Volatile  matter 32. 71 

Fixed  carbon 54. 40 

Ash 9.76 

100.00 
Sulphur 1.44 

Zon€.— E  744  to  E  554,  or  190  feet. 

Position. — ^E  744  to  E  728,  on  bench  placed  just  below  the  level  of 
the  hole  containing  the  ignition  charge;  E  733  to  E  554,  on  penna- 
nent  side  shelves  on  both  sides  of  the  entiy. 

Quantity, — ^Twenty-five  pounds  of  coal  dust  on  the  bench;  175 
pounds  on  the  side  shelves;  loading  equivalent  to  1.05  pounds  per 
linear  foot  of  entry. 

Inert  zone. — Main  entry,  from  E  554  outby,  was  sprinkled.  Air 
course  also  was  sprinkled  before  the  explosion. 

TAFFANEL   BARRIER. 

Location. — In  the  air  course,  extending  from  5  to  85  feet  outby 
third  cut-through. 

Number  of  shelves. — Eleven. 

Distance  between  shelves. — About  8  feet  from  center  to  center. 

Width  of  shelves. — Twenty-four  inches. 

Depth  of  shelves. — ^Two  inches. 

Depth  of  stone  dust. — Seven  and  one-half  to  eight  inches. 

Obstruction. — 13.81  per  cent  of  total  cross  sectioi). 

Analysis  of  stone  dust. — ^The  coal  dust  that  had  settled  on  the  sur- 
face of  the  stone  dust  after  explosion  tests  3  and  4  was  scraped  ofip, 
and  ground  shale  dust  was  heaped  on  the  shelves  imtil  they  would 
hold  no  more.  A  sample  of  the  dust  was  taken  from  various  parts 
of  a  carload  of  shale.     Its  analysis  follows: 

Oiganic  hydrogen 0. 39 

Organic  carbon 7. 59 

Moisture  (at  105°  C.) 3.94 

Inorganic  volatile  matter  (combined  water,  COj,  etc. ) 5. 42 

Ash 82.66 

100.00 


Digitized  by  LjOOQIC 


DETAILS  OF  EXPLOSION  TESTS. 
VENTILATION. 


85 


Air  and  humidity  readings  taken  at  two  points  just  prior  to  the 
explosion  were  as  follows: 

Air  and  humidity  readings,  test  6. 


station. 

Wet 
bulb. 

buIS. 

Barom- 
eter. 

Humid- 
ity. 

Croas 
section. 

Velocity. 

Volume. 

EISO 

•F. 

45 
39 

*F. 

2* 

Ineke*. 
28.96 
28.96 

Percent. 
89 
92 

Feet. 
6iby9 
6iby9 

Feet  per 

minute. 

80 

60 

CtMefeet 
per  minute. 
4,680 
3,330 

Third  cot-thiough 

Analysis  of  mine  air. — ^A  sample  of  mine  air  (No.  2078)  was  taken 
at  the  face  of  the  main  entry  just  before  firing  the  shot  in  order 
to  determine  whether  any  methane  was  present.  The  results  of 
analysis  were  as  follows: 

COj 0.06 

0 19.86 

CO 00 

CH« 02 

N 80.06 

100.00 

The  analysis  shows  0.02  per  cent  of  methane,  and  as  the  possible 
error  would  not  exceed  0.01  per  cent,  one  may  be  assured  that  there 
was  only  a  slight  trace  of  gas  present,  too  little  to  aflFect  the  result  of 
the  shot.  It  is  also  probable  that  even  a  trace  could  not  be  found 
near  the  cut-through. 

INSTRUMENTS   AND   RECORDS. 
MANOMETERS. 

Location. — Manometer  A  (suction)  at  station  E  50;  manometer  B 
(pressure)  at  station  E  50;  manometer  C  (pressure)  at  station  E  150. 

Springs. — ^Manometers'  B  and  C  were  equipped  with  200-pound 
springs. 

PRESSURE  CIRCUIT  BREAKERS. 

Location.— Stations  E  60,  E  150,  E  250,  E  350,  E  450,  E  550, 
E650. 
Adjustment. — Set  to  operate  at  a  pressure  of  2  pounds. 

FLAME   CIRCUIT  BREAKERS. 

location.— Stations  E  60,  E  150,  E  250,  E  350,  E  450,  E  550, 
E650. 
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RECORDS. 


Manometers. — Pressure  too  small  to  be  recorded  (Lesa  than  1  poiind 
per  square  inch). 

Pressure  circuit  hreaJcers. — Operated  at  station  E  660. 
Flame  circuit  hreaJcers. — Operated  at  stations  E  650  and  E  550. 
Velocity  of  flame  propagation. — ^The  flame  reached  station  E  650, 
1.8714  seconds  after  ignition  and  station  E  550, 2.6617  seconds  after 

ignition;  the  time  between 
those  stations  was  0.7903  sec- 
ond, and  the  velocity  127  feet 
per  second. 


FMt 


FMt 


Method  of  ptodnc 

•iMir  (11  wSdiat 

TaffaiMl  buriar 

BcroM  entry 


STMBOLSUSBD 

IBMB  Taf f aiMl  buri« 
4m«M  Coaldiwt 
■■"*  Flam« 


MALE  IN  nrr 


r=i 


BT44 


OUTSIDE   MANIFESTATIONS. 

Violence, — The  steel  sheets 
of  the  explosion-door  section 
were  rattled  by  the  explosion, 
and  some  of  them  were  moved 
shghtly  toward  the  steel  gal- 
lery. The  only  other  outside 
evidence  of  an  explosion  was 
the  swirl  of  snow  and  dust  from 
the  opening  to  the  end  of  the 
dump. 

INSIDE   OBSERVATIONS. 


BUO 


The  curtain  hanging  across 
the  air  course  inby  the  shaft 
was  carried  inby  26  yards.  The 
board  door  outby  the  shaft  was 
broken  outward. 

Length  offlxime. — ^The  length 
of  flfune  in  the  main  entry  was 
indicated  by  the  guncotton 
tufts  suspended  along  the  entry  to  be  265  feet  long  (fig.  19).  The 
branch  flame  in  the  cut-through  and  air  course  was  72  feet  long. 


i:bo 


Figure  19.— Test  6,  extent  of  flame  and  conditions 
of  test. 


EFFICIENCY  OF   BARRIER. 


The  flame  extended  farther  into  the  barrier  than  it  did  in  test  3,  in 
which  the  length  of  the  coal-dust  loading  in  the  main  entry  was  100 
feet  less  than  in  this  experiment.  The  stone  dust  was  not  disturbed 
very  much  by  the  explosion,  so  that  its  effect  in  quenching  the  flame 
was  probably  not  great.    A  sample  of  the  coal  dust  left  on  the  shelves 
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after  the  explosion  was  taken,  the  analysis  of  which  gave  the  following 
results: 

Moisture 2. 85 

Volatile  matter 33. 02 

Fixed  carbon 54. 31 

Ash 9.82 

100.00 
Sulphur L24 

A  comparison  of  the  ratio  of  volatile  matter  to  fixed  carbon  (37.81 : 
62.19)  with  the  ratio  of  volatile  matter  to  fixed  carbon  in  the  original 
coal  dust  (37.55:62.45)  shows  that  the  percentage  of  volatile  matter 
was  not  materially  changed. 

Of  the  200  pounds  of  coal  dust  used  in  this  test,  76  pounds  remained 
on  the  shelves  after  the  explosion. 

TEST  7. 

Date. — February  5,  1912. 

Purpose. — Study  of  the  propagation  of  a  coal-dust  explosion  and 
the  effect  of  Taffanel  barrier  with  a  coal-dust  zone  of  290  feet. 

Point  of  origin  of  explosion, — Face  of  main  entry,  E  744. 

Method  of  ignition. — Blown-out  shot  from  IJ-inch  pipe  in  the  coal. 

Charge. — Two  pounds  of  FFF  black  blasting  powder,  tamped  with 
5  inches  of  damp  clay. 

COAL  DUST. 

Source. — ^The  coal  dust  was  ground  from  bituminous  coal  from  the 
Kttsbuiigh  bed  at  Willock,  Pa. 
5t2«.— Over  95  per  cent  passed  through  a  lOO-mesh  screen. 
Analysis. — 

Moisture 3. 13 

Volatile  matter 32. 71 

Fixed  carbon 54. 40 

Ash ' 9.76 

100.00 
Sulphur 1.44 

Zone.— From  E  744  to  E  454,  or  290  feet. 

Position. — From  E  744  to  E  728  on  a  bench  placed  just  below  the 
level  of  the  hole  containing  the  igniting  charge;  from  E  733  to  E  454 
on  permanent  shelves  along  both  sides  of  the  entry. 

Quantity. — ^Twenty-six  pounds  of  coal  dust  was  placed  on  the  bench 
and  324  pounds  was  along  the  side  shelves.  This  is  equivalent  to  an 
average  loading  of  1.21  poimds  per  linear  foot. 

In^zone. — ^The  main  entry  was  watered  from  E  450  to  the  opening; 
the  air  course  was  also  sprinkled  to  render  it  inert. 
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TAFFANEL   BARRIERS. 

Location, — In  the  air  course,  extending  from  5  to  85  feet  outby  cut- 
through. 

Number  of  shelves. — Eleven. 

Distance  between  shelves. — About  8  feet  from  center  to  center. 

Width  of  shelves, — ^Twenty-four  inches. 

Depth  of  shelves, — Two  inches. 

Depth  of  stone  dust, — Seven  and  one-half  to  eight  inches. 

Obstructions, — 13.81  per  cent  of  total  cross  section. 

Analysis  of  stone  dust, — 

Organic  hydrogen 0. 39 

Organic  carbon 7. 59 

Moisture  (at  105**  0.) 3.94 

Inorganic  volatile  matter  (combined  water,  COj,  etc. ) 5. 42 

Ash 82.66 


100.00 


Humidity  readings. 

Station. 

Wet  bulb. 

Drj'  bulb. 

•F, 

14 
45 
46 

numidity. 

Outside 

•F. 

12 
45 
45 

PtreeiU. 
63 

E250 

100 

E  450 

93 

INSTRUMENTS    AND   RECORDS. 


MANOMETERS. 


Location, — ^Manometer  A  (suction)  at  station  E  50;  manometer  B 
(pressure)  at  station  E  50;  manometer  C  (pressure)  at  station  E  150. 

Springs. — Manometers  B  and  C  were  equipped  with  200-pound 
springs. 


PRE88URE   CIRCUIT  BREAKERS. 


Location.— Stations  E  50,  E  150,  E  250,  E  350,  E  450,  E  550,  E  650. 
Adjustment, — Set  to  operate  at  a  pressure  of  2  pounds. 


FLAME   CIRCUIT  BREAKERS. 


Type, — Detonator  with  silver-carbide  stick  (p.  63). 

ioca^ioTi.— Stations  E  50,  E  150,  E  250,  E  350,  E  450,  E  550,  E  650. 


RECORDS. 


Manometers. — ^Pressures  were  too  small  to  be  recorded. 
Velocity, — No  pressure  circuit  breakers  operated.     Flame  circuit 
breakers  at  stations  E  650  and  E  550  operated.    The  flame  reached 
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station  E  650, 1.4917  seconds  after  ignition  and  station  E  550,  2.1149 
seconds  after  ignition.  The  time  between  stations  was  0.6232  second, 
and  the  velocity  160  feet  per  second. 


MANIFESTATIONS. 


Outside. — The  only  evidence 
ratthng  of  the  steel  sheets  of 
the  explosion-door  section,  and 
the  appearance  of  a  slight  cloud 
of  dust  at  the  mouth  of  the 
main  opening. 

Inside. — ^The  door  in  the  air 
course  had  been  previously 
removed  and  the  curtains  re- 
placing it  were  not  torn  down 
by  the  explosion.  There  were 
no  signs  of  violence  in  any 
part  of  the  mine. 

LENGTH   OF  FLAME. 

The  flame  in  the  main  entry 
extended  from  the  face  to  E 
279,  or  465  feet  (fig.  20).  In 
the  cut-through  air-course 
branch  the  flame  extended  135 
feet  or  to  the  outby  end  of  the 
Taffanel  barrier.  The  stone 
dust  on  the  barrier  was  dis- 
turbed only  slightly  and  it  is 
uncertain  just  how  much  of  a 
quenching  efi'ect  the  barrier 
may  have  had  on  the  flame. 


of   an   explosion   outside   was   the 


PMt 


PMt 


Method  of  placing 

•hetr  (11  ivad)  of 

Taffanel  barrier 

Acroaa  entry 


SYMBOLS  USED 

iMMi  Taffanel  barrtor 
tmifMi  Coaldnat 
■^^  Flame 

"' Boittou  wet 

g~  Bottom  and  aides  w«t 
xSS  Bottom,  •idoi.androof  wtt 
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Figure  20.— Test 


,  extent  of  flame  and  coiiUii.o.is 
of  lest. 


ANALYSES  MADE  AFTER  THE  EXPLOSION. 


COAL  DUST. 


A  coal-dust  sample  (No.  13297)  was  taken  from  the  dust  remaining 
on  the  shelves  after  this  explosion  and  was  analyzed,  the  results 
being  as  follows: 


Moisture 

Volatile  matter. 
Fixed  carbon... 
Aah 


Sulphur. 


3.01 
32.64 
50.  57 
13.78 

100.00 
1.18 


Digitized  by  LjOOQIC 


90  FIRST  SERIES  OF  COAL-DUST  EXPLOSION  TESTS. 

Comparison  of  the  ratio  of  volatile  matter  to  fixed  carbon  (39.23: 
60.77)  with  the  ratio  of  volatile  matter  to  fixed  carbon  in  the  original 
dust  (37.55:62.45)  indicates  again  an  increase  in  volatile  matter  and 
a  corresponding  decrease  in  the  fixed  carbon.  It  is  probable  that 
this  change  was  again  due  to  a  mixing  of  the  original  dust  with  some 
soot  from  the  explosion. 

One  hundred  and  thirty  pounds  out  of  the  350  pounds  put  on  the 
shelves  for  this  test  remained  after  the  explosion. 

ROAD  DUST. 

A  road-dust  sample  (No.  13295)  from  the  air  course  between  the 
second  and  third  cut-throughs  was  taken  after  the  explosion,  and  was 
analyzed;  with  tb»  following  results: 

Moisture 16.02 

Volatile  matter 17. 10 

Fixed  carbon 13. 91 

Ash 52.97 

100.00 
Sulphur 84 

The  high  content  of  ash  and  moisture  would  render  this  road  dust 
nonexplosive,  and  might  possibly  even  have  a  quenching  effect  on 
the  flame  of  the  explosion. 

MINE  AIR. 

A  sample  of  mine  air  (No.  2079)  was  taken  at  the  face  of  the  main 
entry  as  soon  after  the  explosion  as  it  was  possible  to  reach  this 
point  without  a  helmet.    The  analysis  showed  the  following  results: 

CO2 0.04 

O2 20.93 

CO 00 

CH4 Trace. 

N 79. 03 

100.00 

This  sample  showed  a  surprisingly  small  percentage  of  black 
damp  and  no  carbon  monoxide;  the  smell  and  the  presence  of  smoke 
indicated  worse  conditions  than  were  shown  by  this  sample. 

A  sample  of  mine  air  (No.  2081)  was  also  taken  inby  station  E  650 
about  the  same  time  as  the  preceding  sample,  its  analysis  showing 
the  following  results: 

COj 0.08 

O2 2a  91 

CO 00 

CH4 Trace. 

N 79. 01 

100.00 

This  analysis  is  almost  a  duplicate  of  that  of  the  preceding  sample. 
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TSST  8. 

JOofe.— February  7,  1912. 

Purpose  of  test. — Study  of  propagation  of  a  coal-dust  explosion 
and  the  effect  of  Taflfanel  barrier  with  a  coal-dust  zone  of  290  feet. 

Point  of  origin  of  explosion. — Face  of  main  entry,  E  744. 

}teihod  of  ignition. — ^Blown-out  shot  from  a  cannon  placed  near 
the  face. 

Charge. — ^Two  and  three-fourths  pounds  of  FFF  black  blasting 
powder  tamped  with  3  inches  of  damp  shale  dust. 

COAL  DUST. 

The  coal  dust  was  ground  from  bituminous  coal  from  the  Pitts- 
buigh  bed  at  Willock,  Pa. 
Size. — Over  95  per  cent  passed  through  a  100-mesh  screen. 
Analysis. — 

Moisture 2. 94 

Volatile  matter 33. 98 

Fixed  carbon 54. 36 

Aah 8.72 

100.00 
Sulphur 1.32 

The  sample  analyzed  was  taken  from  the  dust  on  the  shelves  just 
preceding  the  explosion. 

Zon^.— From  the  face  at  E  744  to  E  454,  or  290  feet. 

Position. — E  742  to  E  726  on  a  bench  placed  just  below  the  level 
of  the  bore  hole  of  the  cannon;  E  733  to  E  454  on  permanent  side 
shelves  along  both  sides  of  the  entry. 

Quantity. — ^Thirty  pounds  of  coal  dust  on  the  bench  and  270 
pounds  scattered  along  the  shelves.  This  is  equivalent  to  an  average 
loading  of  1.03  pounds  per  linear  foot. 

Inert  zone. — ^The  main  entry  from  E  450  outby  to  the  opening, 
the  last  cut-through,  and  the  air  course  were  watered  to  render 
them  inert. 

TAFFANEL   BARRIER. 

Location. — ^In  the  air  course,  extending  from  5  to  85  feet  outby  third 
cut-through. 

Number  of  shelves. — Eleven. 

Distance  between  shelves. — ^About  8  feet  from  center  to  center. 

Width  of  shelves. — ^Twenty-four  inches. 

Depth  of  shelves. — ^Two  inches. 

Depth  of  stone  dust. — Seven  and  one-half  to  eight  inches. 

Obstructions. — 13.81  per  cent  of  total  cross  section. 
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Shale  dust. — ^A  sample  of  the  ground  shale  and  limestone  on  the 
Taffanel-barrier  shelves  before  the  explosion  was  analyzed,  with  the 
following  results : 

Organic  hydrogen 0. 41 

Organic  carbon 7. 48 

Moisture  (at  105**  0.) 4. 28  . 

Inorganic  volatile  matter  (combined  water,  CO2,  etc.) 7. 26 

Aah 80.58 


100.00 


VENTILATION   AND  HUMIDITY  READINGS. 

Ventilation, — ^The  fan  stopped  two  minutes  before  the  explosion, 
SO  that  the  explosion  probably  occurred  in  still  air. 
Humidity. — 


station. 

Wet  bulb. 

Dry  bulb. 

Humidity. 

Third  cut-through *. . . . 

•F. 

40j 

18 

•F, 

38i 

20 

Percent. 
83 

E450 

85 

Outside 

70 

INSTRUMENTS   AND   RECORDS. 
MANOMETERS. 


Location. — ^Manometer  A  (suction)  at  station  E  50;  manometer  B 
(pressure)  at  station  E  50;  manometer  C  (pressure)  at  station  E  150. 

Springs. — ^Manometers  B  and  C  were  equipped  with  200-pound 
springs. 


PRESSURE   CIRCUIT  BREAKERS. 


Location.— Ax  stations  E  50,  E  150,  E  250,  E  350,  E  450,  E  650, 
E  650. 
Adjustment. — Set  to  operate  at  a  pressure  of  2  pounds. 

FLAME  CIRCUIT  BREAKERS. 

Type. — Detonator  tyj^e  with  silver-carbide  stick. 
Location.— At  stations  E  50,  E  150,  E  250,  E  350,  E  450,  E  550, 
E650. 

RECORDS. 

Manometers. — ^The  pressure  was  too  low  to  operate  manometers 
B  and  C.  The  record  obtained  on  suction  manometer  A  is  repro- 
duced in  figure  21. 

Velocity. — Pressure  circuit  breakers  at  stations  E  650,  E  550,  and 
E  450  operated. 

Flame  circuit  breakers  from  station  E  650  to  station  E  250,  in- 
clusive, operated. 
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PrassuiB  ware. 

Flame. 

station. 

Total  timn 

from 
ignition. 

Time 
between 
stations. 

8ewnd». 
0.0880 

Velocity 
lietween 
stations. 

Feet  per 
second. 

1,136 

Total  time 

from 
ignition. 

Time 
Iwtwoen 
stations. 

Seconds. 

0.4555 
.3044 
.2511 

1.9631 

Velocity 
between 
stations. 

E650 

a«e(md». 

0.0685 

.1565 
.2461 

Seconds. 
0.6216 

1.0771 

1. 4715 

1.7226 

3.6857 

Feet  per 
second. 

E550 

220 

E«0 

.0096              1,116 

254 

E350 

398 

E2S0 

51 

1 

MANIFESTATIONS. 


Outside, — ^The  only  outside  evidence  of  an  explosion  was  a  rattling 
of  steel  sheets  over  the  explosion-door  section,  and  a  cloud  of  dust 
and  smoke  and  flurries  of  snow  swirling  from  the  main  opening  to 
the  end  of  the  dump.    The  brace  on  the  west  side  of  the  car  dump, 


Figure  21.— Manometric  curve,  test  8,  pressure  below  atmospheric. 


which  was  standing  at  the  edge  of  the  slate  dump,  was  broken  by  a 
flying  board  from  a  concrete  form  that  had  been  resting  against  the 
concrete  wall  at  the  opening.  Other  pieces  of  the  same  concrete 
form  were  sucked  into  the  entry  to  station  E  50.  The  top  bar  of 
the  entry  gates  was  broken  into  two  pieces;  one  piece  was  found 
on  the  dump  120  feet  from  the  opening,  and  the  other  on  the  east 
side  of  the  slate  dump.  One  part  of  the  board  ''Danger*'  sign  on 
the  air  course  was  blown  54  feet  and  the  other  72  feet  in  from  the 
opening.  The  last  four  sheets  on  the  explosion-door  section  were 
lifted  completely  out  of  place,  and  fell  on  the  movable  section  of  the 
steel  gallery. 

Inside. — There  was  considerable  coke  on  the  inby  and  outby 
exposures  of  the  shelves  at  E  240,  E  340,  and  E  440;  the  rib  was 
Boot  covered  from  E  300  to  the  face;  at  E  304  the  coal  was  blistered, 
and  many  other  small  blisters  were  noted  between  this  point  and 
the  face.  The  roof  was  badly  blistered  at  E  440.  A  deposit  of 
coked  dust  was  found  on  the  shelves  at  E  479.  There  was  some 
coked  dust  on  the  outby  end  of  the  shelf  at  E  550.     At  E  590  there 
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were  large  quantities  of  coked  dust  on  the  outby  exposures  of  tne 
posts  and  bolt  ends;  at  E  640  there  was  coked  dust  on  the  outby 
side  of  the  posts  and  bolt  ends;  at  E  654  there  was  coked  dust  on 
the  outby  comer  and  coke  bubbles  on  the  inby  corner  of  the  third 
cut-through. 

LENGTH  OF  FLAME. 

The  length  of  flame,  as  indicated  by  guncotton  tufts  suspended 
along  the  entry,  was  552  feet  from  the  face  to  E  192  (fig.  22).  The 
branch  flame  on  the  air  course  extended  for  225  feet  outby  the  third 

cut-through.     About    4    to  5 

*-•         E744 

inches  of  stone  dust  remained 
on  the  shelves  of  the  barrier 
K  ABO  fi^^r  the  explosion.  The  flame 
did  not  seem  to  be  much 
checked  by  the  barrier. 


Bolt. 


Pwt 


Method  of  pladnfr 

■iMir  (U  OMd)  of 
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SYMBOLS  USED 

I  TaffaaellMrrier 
(  Coaldott 


*"■—  Bottom  wet 

~=s  Bottom  and  sides  wet 

S^  Bottom,  eldei^end  roof  wet 


SCALE  IN  nrr 
10  ao  BO      100 


^ 


ReUefdoor 


ESN 


E4B0 


SAMPLES    ANALYZED. 

A  sample  of  the  coal  dust 
remaining  on  the  shelves  after 
the  explosion  was  taken  and 
analyzed,  with  results  as  fol- 
lows: 


Etn 


E160 


Moisture 

..       2.88 

Volatile  matter... 

..     32.43 

Fixed  carbon 

. .     5L  88 

Ash 

. .     12.  81 

100.00 

Sulphur 

1.  27 

EN 


•ar 


Figure  22.- 


-Test  8,  extent  of  flame  and  conditions 
of  test. 


A  comparison  of  the  ratio 
of  fixed  carbon  to  volatile  mat- 
ter (38.47:61.53)  with  the 
ratio  of  fixed  carbon  to  volatile 
matter  of  the  original  sample 
(38.47  :  61.53)  shows  that  the 
dust  remaining  on  the  shelves 
after  the  explosion  was  practically  unaffected  by  the  explosion. 
The  increase  in  ash  in  the  sample  after  the  explosion  was  probably 
due  to  a  mixing  of  ash  from  the  consumed  dust  or  road-dust 
material  with  the  dust  remaining  on  the  shelves.  Out  of  the  300 
pounds  put  on  the  shelves  for  this  test  87  pounds  still  remained 
after  the  explosion.  As  the  quantity  remaining  on  the  shelves  after 
this  explosion  was  smaller  than  that  remaining  after  the  preceding 
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explosion,  it  would  seem  that  the  higher  pressures  developed  caused 
more  of  the  dust  to  be  thrown  in  suspension. 

A  sample  of  dust  that  had  settled  out  on  the  surface  of  a  side 
support  on  which  the  shelves  of  the  Taflfanel  barrier  rest  was  taken 
and  analyzed  with  results  as  follows : 

Moisture 3.  21 

Vola  til  e  ma tt er 12.24 

Fixed  carbon IL  20 

Ash 73.35 

100.00 
Sulphur 64 

The  material  of  this  sample  had  been  in  suspension  immediately 
following  the  explosion,  and  the  analysis  indicates  that  the  material 
was  a  mixture,  probably  of  stone  dust,  coal  dust,  and  soot. 

TEST  9. 

Date. — ^February  8,  1912. 

Purpose. — ^In  tests  6  and  8,  pressure  circuit  breakers  set  to  release 
at  a  pressure  of  2  pounds  were  operated,  seemingly  by  the  pressure 
wave  produced  by  the  blown-out  shot  from  the  cannon.  This  test 
was  made  under  the  same  conditions  as  those  of  the  preceding  test 
except  that  no  coal-dust  loading  was  used,  so  as  to  ascertain  whether 
the  same  circuit  breakers  would  be  operated. 

Point  of  origin  of  explosion. — ^Face  of  main  entry,  E  744. 

Method  of  ignition. — ^Blown-out  shot  from  bore  hole  of  cannon. 

Ignition  charge. — ^Two  and  three-fourths  pounds  of  FFF  black 
blasting  powder  tamped  with  4  inches  of  damp  clay. 

Coal  dust. — ^No  coal  dust  used  in  this  test. 

Length  of  flame. — ^The  guncotton  tufts  at  E  729  and  E  704  were 
ignited  by  flame  or  flying  pieces  of  burning  powder. 

INSTRUMENTS   AND   RECORDS. 
INSTRUMENTS. 

Location. — ^Pressure  circuit  breakers  were  located  at  stations  E  50, 
E  150,  E  250,  E  350,  E  450,  E  550,  and  E  650. 

Adjustmerd. — ^All  the  circuit  breakers  were  adjusted  to  operate  at 
a  pressure  of  2  pounds. 
^—13 7 
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BBCOBDS. 

The  circuit  breakers  at  E  450,  E  550,  and  E  650  operated,  the  records 
being  as  follows  : 

Velocity  of  pressure  wave,  test  9. 


Station. 

ToUl  time 

(romlEni- 

tlonT 

Time  be- 
tween stft- 
tions. 

Velocity 
between 
stations. 

E650 

Seeondn. 
0.0683 

.1583 

.2493 

Seeondt, 
0.0900 
.0910 

Fetiper 
»eeond. 

E650 

1,111 

E460 

1,090 

It  was  now  necessary  to  make  further  tests  to  ascertain  the  mini- 
mum  pressure  to  which  the  circuit  breakers  could  be  adjusted  and 
still  not  be  operated  by  the  pressure  from  a  blown-out  shot  similar  to 
the  one  fired  in  this  test. 

TEST  10. 

Date.— February  9, 1912. 

Purpose. — ^Determination  of  minimum  pressure  to  which  pressure 
circuit  breakers  could  be  adjusted  and  still  not  be  operated  by  a 
blown-out  shot  from  a  cannon  with  the  usual  charge  and  stemming. 

Point  of  origin  of  explosion. — ^Face  of  main  entry,  E  744. 

Method  of  ignition. — ^Blown-out  shot  from  cannon. 

Ignition  charge. — ^IVo  and  three-fourths  pounds  of  FFF  black 
powder  tamped  with  4  inches  of  damp  clay. 

Coal  dust. — No  coal  dust  used  in  this  test. 

Inert  zone. — ^The  entry  was  sprinkled  throughout  its  entire  length 
in  order  that  the  road  dust  might  be  rendered  inert. 

Instruments. — ^Two  pressure  circuit  breakers  were  installed  at  sta- 
tion E  650.  No.  6  was  adjusted  to  operate  at  a  pressure  of  3  pounds 
and  No.  10  at  a  pressure  of  4  pounds. 

Results. — ^Both  circuit  breakers  operated. 

Length  of  flame. — Guncotton  tufts  at  point  E  704  were  burned  by 
flame  or  flying  pieces  of  burning  powder. 

TEST  11. 

Z?ate.— February  9, 1912. 

Purpose. — ^Determination  of  minimum  pressure  to  which  circuit 
breakers  could  be  adjusted  and  still  not  be  operated  by  a  blown-out 
shot  from  a  cannon  with  the  usual  charge  and  stemming. 

Point  of  origin  of  explosion. — ^Face  of  main  entry,  E  744. 

Method  of  ignition. — ^Blown-out  shot  from  cannon. 
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IffnUion  diarge. — ^Twa  and  three-fourths  pounds  of  FFF  black 
blasting  powder  tamped  with  4  inches  of  damp  clay. 

Cadi  dust. — None  used . 

Inert  zone, — ^The  entry  was  sprinkled  for  its  entire  length. 

Instruments. — ^Two  circuit  breakers  were  installed  at  station  E  660, 
one  adjusted  to  operate  at  a  pressure  of  5  pounds  and  the  other  at  a 
pressure  of  6  pounds. 

Results. — Neither  of  the  pressure  circuit  breakers  operated. 

Condusions. — In  tests  9,  10,  and  11  circuit  breakers  set  to  release 
at  pressures  of  4  pounds  or  less  were  operated  by  the  pressure  from 
the  blown-out  shot,  whereas  those  set  to  operate  at  a  pressure  of  5  and 
6  pounds  did  not  operate.  As  a  result  of  these  tests  it  was  decided 
in  future  tests  in  which  the  igniting  shot  was  from  the  cannon  with 
the  usual  chaige  and  stemming  to  set  the  pressure  circuit  breakers  to 
operate  at  a  pressure  of  5  pounds. 

TEST  12. 

Z>a<«.— February  10,  1912. 

Purpose. — Study  of  the  propagation  of  coal-dust  explosions  and 
the  efficiency  of  Taffanel  barriers. 

Point  of  origin  of  explosion. — Face  of  main  entry,  E  744. 

Method  of  ignition. — Blown-out  shot  from  caimon. 

Ignition  charge. — ^Two  and  three-fourths  pounds  of  FFF  black 
blasting  powder,  tamped  with  4  inches  of  damp  shale  dust. 

GOAL  DUST. 

Source. — ^The  coal  dust  was  ground  from  bituminous  coal  from  the 
Pittsburgh  bed  at  Willock,  Pa. 
Size. — 95  per  cent  passed  through  a  100-mesh  screen. 
Analysis. — 

Moiflture 2.13 

Volatile  matter 35. 29 

Fixed  carbon 55.  69 

AA 6.89 

100.00 
Sulphur 1.20 

Z<m€.— From  E  744  to  E  34,  or  710  feet. 

Position. — ^E  742  to  E  726  on  a  bench  placed  just  below  the  level 
of  the  bore  hole  of  the  cannon;  E  733  to  E  34  on  permanent  side 
shelves  on  both  sides  of  the  entry. 

Quantity. — Four  hundred  a^d  eighty-two  poimds.  The  first  290 
feet  was  loaded  at  the  rate  of  1  pound  per  linear  foot;  the  outer  420 
feet  was  loaded  at  the  rate  of  0.457  pound  per  foot. 
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Inert  zone. — ^The  third  cut-through  and  the  air  course  were  sprinkled  ; 
the  floor  of  the  main  entry  was  also  sprinkled  to  render  the  road  dust 
inert. 

TAFPANEL  BASSIEB. 

Location. — ^In  the  air  course,  from  5  to  85  feet  outby  the  third  cut- 
through. 

Number  of  shelves. — Thirteen. 

Distance  between  sJielves. — Six  feet  center  to  center. 

Width  of  shelves. — Twenty  inches. 

Depth  of  shelves. — One  inch. 

Depth  of  stone  dust. — Six  and  one-half  inches. 

Area  of  obstruction. — 12.1  per  cent. 

Analysis  of  stone  dust. — 

Oiganic  hydrogen ' 0. 39 

Oiiganic  carbon • 7. 59 

Moisture  (at  105**  C.) 3.94 

Inoiganic  volatile  matter  (combined  water,  CO2,  etc.) 6. 42 

Aah 82.66 

100.00 
VENTILATION   AND  HUMIDrTY. 

At  the  time  of  the  explosion  about  5,000  cubic  feet  of  air  was 
moving  through  the  last  cut-through.  A  sample  (No.  2252)  of  mine 
air,  taken  at  the  face  of  the  main  entry  just  prior  to  fixing  the  shot, 
did  not  show  any  methane. 

At  the  third  cut-through  the  dry-bulb  thermometer  registered 
35**  F.,  and  the  wet-bulb  thermometer  34®  F.,  the  humidity  being 
91  per  cent 

INSTRUMENTS   AND-  RECORDS. 
MANOMETEB8. 

Location. — Manometer  A  (suction)  at  station  E  50;  manometer  B 
(pressure)  at  station  E  50;  manometer  C  (pressure)  at  station  E  150. 

Sprin{fs. — Manometers  B  and  C  were  equipped  with  200-pound 
springs. 

PRESSURE  CIRCUrr  BREAKERS. 

Locaiim.— At  stations  E  50,  E  150,  E  250,  E  350,  E  450,  E  550, 
and  E  650. 
Adjustment, — Set  to  operate  at  a  pressure  of  5  pounds. 

FLAME  aRCurr  breakers. 

Type. — Detonator  type  with  silver-carbide  stick. 
Location.— At  stations  E  50,  E  150,  E  250,  E  350,  E  450,  E  560, 
and  E  650. 

Digitized  by  LjOOQIC 


DETAILS  OF  EXPLOSION  TESTS. 


99 


RECORDS. 

Pressure. — ^Too  low  to  be  recorded  by  manometers 
B  and  C.  The  record  obtained  on  the  suction  ma- 
nometer is  reproduced  in  figure  23. 

Velocity. — Pressure  circuit  breaker  at  station  E 
650  operated;  flame  circuit  breakers  at  stations  E 
650,  E  550,  E  450,  and  E  350  operated.  Tabulated 
results  were  as  follows: 

Velocity  offlame^  test  12. 


sucnoK,  POLmuQ 

PER  SQUARE  0JCH 


Station. 

Total  time    , 
from 
Ignition. 

Time 
between 
stations. 

Velocity 
between 
stations. 

E«0 

Seconds. 
0.5972 

1.2512  1 

1.8722  1 

2.3170 

SecondM. 
0.6540 
.8210 
.4448 

Feet  per 
teeond. 

E550 

153 

E450 

161 

E350 

225 

OUTSIDE  MANIFESTATIONS. 


opening, 
feet. 


INSIDE   OBSEBYATIONS. 


Little  violence  was  noted.  No  shelves  were  thrown 
down.  Only  three  bags  of  the  stopping  in  the  second 
cut-through  were  displaced.  It  was  estimated  that  4 
to  5  inches  of  the  stone  dust  remained  on  the  shelves 
of  the  barrier. 

LENGTH  OF  FLAME. 

The  flame  extended  from  E  744  to  E  279,  or  465 
feet  (fig.  24) .  The  length  iA  the  air  course  was  85  feet . 
It  was  noted  that  the  flame  did  not  extend  beyond  the 
Taffanel  barrier. 

AFTERDAMP. 

The  mine  was  filled  with  smoke  and  afterdamp; 
clearing  it  for  the  next  explosion  took  45  minutes. 


The  steel  sheets  of  the  explosion-door  section  were 
thrown  out  of  place.    No  flame  was  noted  at  the  main 


but  a  cloud  of  smoke  shot  out  100  to  150  % 


JT 
F 
^ 


Vili- 


i 


£, 
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FIRST  SERIES  OF  COAL-DUST  EXPLOSION  TESTS. 


TEST  13. 

Z)a(€.— February  10,  1912. 

Purpose. — ^To  ascertain  whether  an  ei^losion  could  be  produced 
from  dust  that  had  been  exposed  to  the  previous  explosion. 
Point  of  origin  of  explosion. — ^Face  of  main  entry,  E  744. 
Method  of  ignition. — Blown-out  shot  from  IJ-inch  pipe  in  coal. 

Charge. — ^Two  pounds  of 
FFF  black  blasting  powder, 
tamped  with  4  inches  of  damp 
shale  dust. 


COAL  DUST. 


SYMBOLS  USED 

TaffuMlburtar 

Coal  dwt,l  pound  par  foot 

Coid  dnit,M  poond  p«r  f oot 


Bottom  and  tides^  wot 


MALI  iM  ptrr 


Source.  —  The  dust  was 
groimd  from  bituminous  coal 
from  the  Pittsburgh  bed  at 
Willock,  Pa. 

Size. — Ninety-five  per  cent 
passed  through  a  100-meah 
screen. 

Zon^.— From  E  744  to  the 
main  opening,  744  feet. 

Position.— ISi  742  to  E  726 
on  bench  placed  just  below 
the  level  of  the  hole  contain- 
ing the  igniting  charge;  E  733 
to  the  main  opening  on  side 
shelves  or  on  the  floor. 

Quantiiy.  —  Twenty  -  five 
pounds  of  fresh  coal  dust  was 
placed  on  the  bench  at  the 
face.  Throughout  the  re- 
mainder of  the  coal-dust  zone 
the  coal  dust  remaining  after  the  preceding  test  was  left  as  the 
load  for  this  experiment. 

TAFFANEL  BABBIE^. 

Location. — In  the  air  course,  extending  from  5  to  85  feet  outby  the 
third  cut-through. 

Number  of  shelves. — ^Thirteen. 

Distance'between  shelves. — Six  feet  from  center  to  center. 

Width  of  shelves. — ^Twenty  inches. 

Depth  of  shelves. — One  inch. 

Depth  of  stone  dust. — ^Four  to  five  inches. 


Figure  24.— Tost  12,  extent  of  flame  and  conditions 
of  test. 
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Analysis  of  stone  dust. — 

Oiganic  hydrogen 0. 39 

Oiganic  carbon 7. 69 

MoiBture  (at  105°  C.) 3.94 

Inorganic  volatile  matter  (combined  water,  CO31  etc.) 5. 42 

Aflh 82.66 

100.00 
OUTSIDE  MANIFESTATIONS. 

The  steel  sheets  of  the  explosion-door  section  were  disarranged. 
The  smoke  and  coal  dust  shot  out  of  the  main  opening  for  a  distance 
or  100  to  150  feet. 

INSIDE  OBSEBYATIONS. 

Little  violence  was  manifest.  The  curtain  in  the  air  course  was 
blown  down;  a  few  of  the  bags  in  the  cut-through  were  disarranged. 
The  shelves  of  the  Taffanel  barrier  were  not  disturbed. 

LENGTH  OF  FLAME. 

None  of  the  guncotton  tufts  not  affected  by  the  preceding  test  was 
affected  by  this  test,  so  that  the  length  of  the  flame  was  manifestly 
not  greater  than  in  the  preceding  explosion.  No  recording  instru- 
ments were  used  in  this  test. 

TEST  14. 

Z>ofe.— February  19, 1912. 

Purpose. — ^To  study  the  propagation  of  coal-dust  explosions,  and 
the  efficiency  of  Taffanel  barriers. 

PoijU  of  origin  of  explosion. — Face  of  main  entry,  at  E  744. 

MeUwd  of  ignition. — ^Blown-out  shot  from  cannon. 

Ignition  charge. — ^Two  and  three-fourths  pounds  of  FFF  black 
blasting  powder,  tamped  with  4  inches  of  damp  shale  dust. 

COAL  DUST. 

Source. — The  coal  dust  was  ground  from  bituminous  coal  from  the 
Pittsburgh  bed  at  Willock,  Pa. 
Size. — Over  95  per  cent  passed  through  a  100-mesh  screen. 


Moiature 3. 30 

Volatile  matter 34. 37 

Fixed  carbon 55. 06 

Aah 7.27 

100.00 
Sulphur : 1.25 
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Zone.—E  744  to  E  34,  or  710  feet. 

Position. — ^E  742  to  E  726  on  bench  placed  just  below  the  level  of 
the  bore  hole  of  the  cannon;  E  733  to  E  34  on  permanent  side  shelves 
on  both  sides  of  the  entry. 

Quantity, — Six  hundred  and  sixty  pounds;  loaded  0.93  pound  p^ 
foot;  equivalent  to  0.248  ounce  per  cubic  foot,  or  248  grams  per 
cubic  meter. 

Inert  zone. — ^No  watering  ,was  done  for  this  test,  but  as  there  was  a 
very  large  proportion  of  shale  dust  and  clay  in  the  road  dust  on  the 
air  course  this  was  probably  an  inert  zone. 

TAFFANEL   BARRIER.    ' 

Location. — ^In  the  air  course,  extending  from  5  to  85  feet  outby  the 
third  cut-through. 

Number  of  shelves. — Thirteen. 

Distance  between  shelves. — Six  feet  from  center  to  center. 

Width  of  shelves. — ^Twenty  inches. 

Depth  of  shelves. — One  inch. 

Depth  of  stone  dust. — Six  and  one-half  inches. 

Analysis  of  stone  dust — 

Organic  hydrogen 0. 39 

Organic  carbon 7.59 

Moisture  (at  105^  C.) 3.94 

Inorganic  volatile  matter  (combined  water,  COj,  etc.) 5. 42 

Ash 82.66 

100.00 
VENTILATION    AND  HUMIDITY. 

At  station  E  550,  where  the  cross  section  was  6^  by  9  feet,  the 
volocity  of  the  air  was  104  feet  per  minute,  the  quantity  being  6,084 
cubic  feet  per  minute.     The  humidity  readings  were  as  follows: 

Humidity  readings y  test  14- 


Station. 

Wet  bulb. 

•F. 

45 
43 
47 

Dry  bulb.  |  Humidity. 

Outside 

^F. 
49 

Percent. 

74 

E  250 

8<3 

E  530 
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INSTRUMENTS    AND   RECORDS. 
MANOMETERS. 


Location. — ^Manometer  A  (suction)  at  station  E  50;  manometer  B 
(pressure)  at  station  E  50;  manometer  C  (pressure)  at  station  E  150. 

Springs. — Manometers  B  and  C  were  equipped  with  200-pound 
springs. 
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PRESSURE  dRCUrr  BREAKERS. 


Location.— At  stations  E  60,  E  150,  E  250,  E  350,  E  450,  E  650,  and 
E650. 
Adjustment. — Set  to  operate  at  a  pressure  of  5  pounds. 

FLAME  CXRCtTIT  BREAKERS. 

Type. — ^Detonator  type  with  silver-carbide  stick. 
Location.— At  stations  E  60,  E  150,  E  250,  E  350,  E  450,  E  550,  and 
E650. 

TIN-FOIL  STRIPS. 

In  order  to  determine  their  suitabihty  for  use  in  flame  circuit 
brewers,  in  this  test  four  strips  of  tin  foil  of  different  thicknesses 
were  placed  on  the  shelves  opposite  stations  E  50  to  E  660,  inclusive. 

RECORDS. 

Pressures. — The  motors  running  the  drums  of  the  manometers 
failed  to  run;  therefore  only  the  maximum  pressures  were  recorded. 
The  records  showed  a  pressure  of  14.7  pounds  at  station  E  150  and  of 
5,6  pounds  at  station  E  50. 

Velocity  records. — ^The  pressure  circuit  breakers  at  stations  E  650, 
E  350,  E  150,  and  E  60  operated;  flame  circuit  breakers  at  stations 
E  650,  E  450,  E  350,  and  E  250  operated.  The  failure  of  the  pressure 
and  flame  circuit  breakers  at  station  E  550  to  operate  prevented  the 
obtaining  of  records  of  the  circuit  breakers  at  the  stations  outby  this 
point.  All  tin-foil  strips,  except  the  two  thickest  at  station  E  50, 
were  fused  by  the  flame. 

OUTSIDE   MANIFESTATIONS. 

A  great  cloud  of  dust  swept  out  the  main  opening  If  seconds  after 
the  igniting  shot  had  been  fired.  When  the  cloud  had  seemingly 
extended  60  to  75  feet  from  the  opening,  the  flame  shot  through  it, 
accompanied  by  a  sharp  crack,  due  probably  to  detonation  of  coal 
dust.  The  wave  coming  out  of  the  gallery  entry  raised  the  steel 
sheets  of  the  explosion-door  section  and  piled  them  one  upon  another 
at  the  end  of  that  section.  The  car  dump  standing  at  the  top  of  the 
slate  pile  was  blown  over  and  landed  down  at  the  dam,  one  footboard 
having  been  broken.  A  barrel  containing  some  ice  was  blown  from  a 
point  75  feet  in  front  of  the  main  entry  to  the  fence  near  the  slate 
dump.  The  "Danger"  signboard  on  the  air  course  was  blown  100 
feet  distant.  A  piece  of  brattice  cloth  from  the  air-course  curtain 
75  feet  inby  the  opening  was  blown  outby  to  the  air-course  entrance. 
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B660 


INSIDE   OBSERVATIONS. 

A  curtain  packed  in  the  crevices  above  the  door  frame  inby  the 
shaft  was  sucked  inby  15  feet  from  its  original  position.  An  electric- 
light  wire  extending  from  the  end  of  the  concrete  section  in  the  air 
course  to  the  first  crosscut  was  blown  outby  so  that  it  stretched  from 
the  end  of  the  concrete  to  the  intersection  of  the  gallery  and  the  air 
course. 

Most  of  the  dust  on  the  TaflFanel  shelves  was  blown  off.  The  first 
shelf  outby  the   cut- through  was   blown  down,   and   the   second 

was  swung  around  until  it  was 
parallel  with  the  side  of  the 
entry. 

In  the  main  entry  the  mine 
track  at  E  530  seemed  to  have 
been  raised  slightly,  as  the  bal- 
last was  very  loose.  This  was 
possibly  caused  by  the  suction 
following  the  explosion  wave. 

The  bags  of  the  top  2  feet  of 
the  sandbag  stopping  in  the 
second  cut-through  were  blown 
out.  Some  bags  were  thrown 
toward  the  entry,  but  many 
more  were  thrown  toward  the 
air  coiu'se.  Many  of  these 
bags  were  upset  and  the  sand 
spilled. 

At  E  390  the  east  end  of  one 
of  the  ties  was  bent  forward  45°. 
This  tie  was  broken  where  the 
rail  was  spiked  to  it.  The  rail 
had  probably  been  slightly  frac- 
tured at  this  point  preceding 
the  explosion.  The  post  hold- 
ing the  shelves  at  E  294  was 

Fi0UE.25.-Test  14,  extent  of  flame  and  conditions     P^^^ed   intO   the   grOOVC    in  the 

of  test.  rib  H  inches.     The  floor  from 

E  220  to  E  160  was  raised  several  inches,  the  ballast  between  the  ties 
being  rather  loose. 

LENGTH   OF   FLAME.  ' 

The  flame  extended  through  the  full  length  of  the  entry  (fig.  25). 
In  the  cut- through  air-course  branch  it  extended  130  feet,  but  did 
not  pass  the  TaSanel  barrier. 
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COAL  DUST  AND  COKED  DUST. 

A  thin  layer  of  coal  dust  and  soot  was  observed  in  the  air  course  as 
far  out  as  36  feet  inby  the  first  cut*through.  The  whitewashed  ribs 
inby  this  point  were  very  much  blackened  and  coated  with  dust 
and  soot. 

The  first  two  posts  of  the  Taffanel  barrier  on  the  east  side  outby 
the  third  cut-through  had  large  crusts  of  coked  dust  on  the  inby  side. 

The  coal  was  blistered  slightly  on  the  north  side  of  the  last  cut- 
through. 

There  was  a  heavy  crust  of  coked  dust  on  the  outby  side  of  the 
first  post  on  the  east  side  of  the  entry  outby  the  third  cut-through. 

A  heavy  crust  of  coked  dust  was  found  on  the  outby  side  of  a  post 
at  E  658  on  the  east  side  of  the  entry. 

A  heavy  coating  of  soot  covered  the  shelves  inby  the  third  cut- 
through. 

Scattered  patches  of  coked  dust  were  noted  on  the  outby  exposures 
of  the  coal  and  posts  from  E  650  to  E  550. 

There  were  crusts  of  coked  dust  on  the  outby  sides  of  posts  at  E  550 
west  and  E  540  east.  There  was  some  coked  dust  on  the  outby 
exposures  of  the  ribs  and  posts  from  E  530  to  E  440.  There  was  a 
small  deposit  of  coked  dust  on  the  outby  side  of  the  shelves  at  E  350. 
Slight  quantities  of  coked  dust  were  noted  on  the  outby  ends  of  the 
shelves  at  E  250. 

ANALYSIS  OF   AIR  SAMPLE. 

A  sample  (No.  2251)  of  mine  air  was  taken  in  the  last  cut-through 
as  soon  as  it  was  possible  for  persons  to  enter  without  helmets.  The 
sample  was  analyzed  with  results  as  follows: 

CO, a  08 

Oj 20.85 

CO 00 

CH4 03 

N 79.04 

It  is  to  be  noted  that  there  was  little  black  damp  and  no  carbon 
monoxide  in  the  air  at  the  point  where  this  sample  was  taken,  yet 
the  odor  had  been  very  irritating. 

TEST  15. 

I>ate.— February  24,  1912. 

Purpose. — ^Public  exhibition  of  the  explosibility  of  coal  dust  and 
influence  of  a  Taffanel  barrier  on  the  advance  of  the  flame  from  an 
explosion. 

Paint  of  origin  of  the  explosion, — Face  of  the  main  entry,  E  747. 

Method  of  ignition. — ^Blown-out  shot  from  a  l^-inch  pipe  in  the  coal. 

Charge. — ^Three  pounds  of  FFF  black  blasting  powder,  tamped  with 
5  inches  of  damp  shale  dust. 
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COAL  DUST. 

Source. — Coal  dust  was  ground  from  bituminous  coal  from  the  Pitts- 
burgh bed;  some  of  which  was  obtained  from  the  Oak  mine,  near 
Pittsburgh;  and  the  remainder  from  the  mine  at  Willock;  Pa. 

Size. — Over  96  per  cent  passed  through  a  100-mesh  sieve. 

Andlysia. — ^An  analysis  <No.  13389)  of  the  coal  dust  from  coal  from 
Oak  mine  was  made  with  the  following  results: 

Moisture 2.43 

Volatile  matter 36.  73 

Fixed  carbon 56. 16 

Ash 4.68 

100.00 
Sulphur 09 

Zone. — In  entry,  E  747  to  E  34,  or  713  feet;  in  cut-through  50  feet; 
in  air  course,  A  654  to  A  427,  or  227  feet,  and  A  347  to  A  290,  or  67 
feet;  total,  1,047  feet. 

Position. — ^E  747  to  E  731  on  bench  just  below  the  level  of  the  hole 
containing  igniting  shot;  E  733  to  E  34  on  permanent  side  shelves, 
also  on  the  floor;  in  cut-through  and  air  course,  on  floor,  and  on  three 
transverse  "book"  shelves. 

Quantity. — ^Two  thousand  two  hundred  and  thirty-two  pounds,  or 
an  average  of  2.13  pounds  per  linear  foot;  equivalent  to  0.668  ounce 
per  cubic  foot  or  568  grams  per  cubic  meter. 

Inert  zones. — ^Air  course,  A  290  to  opening;  gallery  slant. 

TAFFANEL   BARBIEB. 

Location.— A  427  to  A  347. 

Length. — Eighty  feet. 

Nurnber  of  shelves. — Thirteen. 

Distance  between  shelves. — Six  to  seven  feet  from  center  to  center. 

Width  of  shelves. — Twenty  inches. 

Thickness  of  shelves. — One  inch. 

Depth  of  stone  dust. — Six  and  one-half  inches. 

Obstruction. — 10.4  per  cent  of  total  cross  section. 

Analysis  of  stone  dust. — 

Organic  hydrogen 0. 39 

Organic  carbon 7. 59 

Moisture  (at  105**  C.) 3. 94 

Inoiganic  volatile  matter  (combined  water,  COj,  etc.) 5. 42 

Aflh 82.66 


100.00 
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VEKTILATION   AND   HUMIDITY  BEADINGS. 

VentUcOion, — ^At  station  E  540,  where  the  cross  section  was  6  by 
9  feet,  the  velocity  of  the  air  was  101  feet  per  minute,  and  the  volume 
5,445  cubic  feet  per  minute. 


Humidity  readings^  test  15 

station. 

Dry  bulb. 

Wet  bulb. 

Humidity. 

ESO 

•F. 

44 

38 

•F, 
43 

36 

Percent. 
89 

E250 

89 

B560 

85 

Aircoant.. 

83 

ANALYSIS  OF   SAMPLE   OP   AIR. 

A  sample  of  air  was  taken  at  face  of  entry  just  before  firing  the 
igniting  shot.    An  analysis  was  made  with  the  following  results: 

CO, 0.04 

Oj 20.  »5 

CO 00 

CH4 Trace. 

N 79. 01 

100.00 
INSTRUMENTS   AND  RECORDS. 

MANOMETERS. 

Location. — ^B.  C.  D.  manometer  A  (suction)  at  station  E  50;  B.  C.  D. 
manometer  B  (pressure)  at  station  E  50;  B.  C.  D.  manometer  C 
(pressure)  at  station  E  150. 

Springs. — ^Manometers  B  and  C  were  equipped  with  springs  having 
a  rating  of  200  pounds. 

PRESSURE   aRCUIT  BREAKERS. 

Location. — ^Pressure  circuit  breakers  were  installed  in  all  stations 
from.E  50  to  E  650,  inclusive. 

Adjustment. — ^All  pressure  circuit  breakers  were  adjusted  so  as  to 
be  operated  by  a  pressure  of  3  pounds.. 

FLAME  CIRCUIT  BREAKERS. 

Type.— Tin  foil.     (See  [>.  63.) 

Location. — ^At  all  stations  from  E  50  to  E  650,  inclusive. 

SAMPLING  BOTTLES. 

Two  types  of  sampling  bottles  were  used  in  this  test.  The  B.  C.  D. 
automatic  sampling  bottle  was  installed  at  station  E  150,  its  circuit 
maker  being  installed  at  station  E  250.  A  special  sampling  bottle 
was  installed  in  a  groove  in  the  rib  at  E  374. 
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QUNCOTTON  TUFTS. 


Guncotton  tufts  were  hung  on  wires  from  pegs  in  the  roof  at  inter- 
vals of  25  feet  throughout  the  length  of  the  main  entry  and  the  air 
course. 

RECOBDS. 

Manometers. — Records  were  obtained  on  all  three  manometer 
cylinders,  which  are  reproduced  in  figures  26  and  27. 

Pressure  circuit  breaJcers  and  flame  circuit  breakers, — ^All  circxiit 
breakers  operated,  but  on  accoimt  of  the  failure  of  the  automatic 
conmiutators,  records  from  only  four  stations  were  obtained  from 
the  pressure  circuit  breakers  and  from  five  stations  from  the  flame 
circuit  breakers.     (See  figs.  9,  10,  and  11.) 

Velocity  of  propagation  of  explosion,  test  15. 


Pressure  wave. 

Flame. 

Station. 

Total  time 

from 
ignition. 

Time 
between 
stations. 

Velocity 
between 
stations. 

Total  time 

from 
ignition. 

Time 
between 
stations. 

Velocity 
betweeo 
stations. 

B650 

Seconit. 
0.0823 

.1701 

2.265 

2.367 

Seconds. 
•  0.0878 
2.005 
.102 

Feet  per 
second. 

a  1,139 

Seconds. 
2.174 

2.410 

2.493 

2.537 

2.584 

Seconds. 

0.245 

.074 

.044 

.047 

Feet  per 
seoond. 

E650 

408 

1,351 

E450 

980 

E350 

2,273 

2,138 

E250 

2.480 
2.605 

E  150 

A.  125 

&800 

B50 

a  Due  to  shock  from  shot. 


6  B.  C.  D.  manometer  reoords. 


.  Sampling  hotUes. — ^The  pipe  of  the  B.  C.  D.  automatic  gasHsampIing 
device  at  E  150,  which  projected  from  the  plate  to  the  center  of  the 
entry,  was  broken  off  at  the  plate  and  blown  to  some  other  place  not 
known.  An  automatic  gas-sampling  device  had  been  set  in  a  recess 
in  the  rib  at  E  370;  when  the  shelves  at  this  point  were  thrown  down, 
the  pipe  connection  between  the  bottle  and  the  valve  was  broken  off, 
and  this  destroyed  the  automatic  sampling  device. 

OUTSIDE   MANIFESTATIONS. 

The  first  indication  of  the  explosion  was  the  projection  of  a  huge 
cloud  of  dust  from  the  opening  (PI.  I).  When  the  advancing 
front  of  the  cloud  had  reached  a  point  about  100  feet  from  the  open- 
ing a  spear  of  flame  (fig.  28)  from  the  opening  shot  into  the  cloud  and 
disappeared. 

There  was  no  manifestation  at  the  other  openings  except  the  dis- 
placing of  the  steel  sheets  on  the  explosion-door  section. 
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An  empty  mine  car  that  had  stood  on  the  track  33  feet  in  front  of 
the  opening  was  blown  over  the  dump  and  landed  in  the  valley 
beyond  at  a  point  220  feet  distant  from  its  original  position  (PL  V,  B). 
The  gates  at  the  end  of  the  buttress  wall  at  the  main  opening  were 
broken  and  all  but  the  upper  portion  of  the  west  gate  was  demolished. 
The  post  from  which  the  east  gate  had  been  hung,  notwithstanding 
that  it  was  recessed  at  the  end  of  the  buttress  wall,  was  torn  from 

position  and  carried  33  feet 
from  the  opening.  All  of  the 
lights  in  the  south  and  west 
side  windows  of  the  pump  house 
were  broken  outward. 


E7I7 


INSIDE 


INDICATIONS 
LENCE. 


OF    VIO- 


E260 


B160 


In  the  concrete-lined  portion 
of  the  main  entry  the  same 
effect  was  observed  after  this  ex- 
plosion as  had  been  noted  after 
previous  violent  explosions,  in 
that  the  arch  of  the  section 
had  been  lifted,  the  consequent 
straightening  of  the  vertical 
reinforcing  rods  having  forced 
off  pieces  of  concrete  lying 
between  these  rods  and  the  face 
of  the  concrete  at  the  springing 
line.  With  one  or  two  excep- 
tions the  effect  was  less  than 
after  the  explosion  of  October 
30,  probably  because  the  con- 
crete had  a  much  more  solid 
backing  over  the  arch,  where  a 
large  quantity  of  cement  grout- 
ing had  been  run  in  from  the 
surface  through  holes.  A  piece 
of  concrete  30  by  18  inches, 
with  a  thickness  of  from  2  to  3 

inches,  was  forced  off  at  the  springing  line  just  over  the  door  at  E  50; 

this  piece  of  concrete  was  hanging  from  a  J-inch  round  rod  in  front 

of  the  door  after  the  explosion. 
At  E  61  a  |-inch  square  reinforcing  rod  was  buckled  by  the  settling 

back  of  the  arch,  the  extent  of  buckling  indicating  a  raise  of  at  least 

3  inches. 
At  E  77  a  crack  li  inches  deep  had  opened  between  the  original 

arch  and  the  repair  arch  put  inside  the  original  one  after  the  explosion 

Digitized  by  LjOOQIC 


Fig.  28. 


-Test  15,  extent  of  flame  and  conditions 

of  t€5t. 


DETAILS   OF    EXPLOSIOK    TESTS.  Ill 

of  October  30.  Many  of  the  small  cracks  caused  by  the  explosion  of 
October  30  were  enlarged  by  this  explosion. 

The  track  from  £  150  to  £  170  seemed  to  have  been  raised  by  the 
suction  following  the  explosion  wave.  The  ballast  was  loose  and 
springy  throu^out  this  length.  '  ^ 

The  shelving  at  the  end  of  the  concrete  section  on  the  west  dde 
of  the  entry  was  disarranged  by  the  explosion.  The  first  shelf  at 
the  top  was  broken  2  feet  outby  the  post;  the  third  shelf  was  broken 
5  feet  outby  the  post;  and  the  fourth  and  fifth  shelves  were  broken 
loose  from  the  supporting  posts  at  their  outby  end.  i 

On  the  east  side  the  third  and  fifth  shelves  were  unfastened  from 
their  supports  in  the  concrete. 

Three  shelving  sets  on  the  east  side  of  the  entry  extending  across 
the  first  cut-through  were  thrown  down  and  moved  out  of  place. 
The  pressure  wave  seemed  to  have  swept  around  the  inby  comer  of 
the  cut-through  and  carried  the  shelves  that  extended  across  the 
open  space  against  the  north  rib  of  the  cut-through.  When  the 
resulting  pressure  in  the  blind  cut-through  was  relieved,  a  wave 
swung  the  shelves  of  the  next  set  across  the  main  entry  and  carried 
the  supporting  post  across  to  the  west  rib. 

Previous  to  the  test  a  |-inch  square  iron  clamp,' the  ends  of  which 
were  embedded  in  concrete  in  the  rib,  had  held  the  post  inby  the 
cut-through  in  the  groove  in  the  rib.  When  this  post  was  carried 
out  of  the  groove  the  |-inch  bar  was  broken  off  where  it  passed 
around  the  post. 

The  posts  and  shelves  at  a  dead  end  opening  on  the  east  side  of  the 
entry  at  £  350  were  disarranged  in  like  manner  to  those  at  £  250. 
The  post  on  the  inby  comer  was  torn  out,  its  clamps  broken,  and 
the  shelves  and  post  carried  across  the  entry  and  outby  15  feet. 

The  sandbag  stopping  in  the  second  cut-through  was  partly  blown 
down,  the  bags  of  the  upper  2  feet  of  the  stopping  having  been  car- 
ried in  about  equal  proportion  toward  the  entry  and  the  air  course. 
A  cap  piece,  supported  by  braces  to  strengthen  the  sandbag  stopping 
on  the  air-course  side,  was  thrown  down. 

A  straw  dummy  that  had  been  set  up  at  £  650  was  torn  apart  and 
part  of  it  thrown  to  the  air-course  end  of  third  cut-through  and 
another  part  to  £  550. 

The  igniting  chaise  at  the  face  of  the  entry  had  cratered  the  hole 
30  inches  back  from  the  front.  The  front  of  the  hole  was  4  feet  wide 
by4Heethigh. 

Some  of  the  temporary  track  at  the  face  was  torn  up  by  the 
explosion. 

The  ''book"  shelves  that  had  been  placed  at  intervals  in  the 
third  cut-through  and  the  air  course  were  torn  to  pieces.  Only  the 
third,  fourth,  and  seventh  posts  on  the  east  side  of  the  stone-dust 

72322**— 13 8 
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barrier  remained  standing  after  the  explosion;  all  the  rest  of  barrier 
was  blown  down  and  the  shelves  destroyed.  The  posts  and  side 
supports  were  scattered  along  the  entry  for  150  feet  outby. 

One  of  the  track  ties  at  A  330  was  broken  at  the  middle  and  the 
east  end  moved  outby.  Ties  at  A  290  and  A  281  were  also  broken 
in  like  manner.  These  breaks  were  probably  due  to  blows  received 
from  the  flying  posts  of  the  stone-dust  barrier. 

COAL  DUST  AND  COKED  DUST. 

No  coke  or  coked  dust  was  noted  in  the  entry  from  the  opening 
to  E  550.  Practically  all  of  the  coal  dust  had  been  swept  from  the 
shelves  throughout  this  length,  so  that  the  blast  was  probably  too 
great  to  allow  deposition  of  coked  dust.  From  E  650  to  the  face 
there  were  increasingly  large  deposits  of  soot  on  the  shelves.  There 
was  a  deposit  of  coked  dust  on  the  outby  side  of  a  post  at  E  648; 
also  heavy  deposits  on  the  inby  comer  of  the  third  cut-through  and 
the  entry.  At  E  656  there  were  smaller  deposits  on  the  inby  side 
of  a  post  on  the  east  side  of  the  entry,  and  on  the  outby  side  of  a 
post  on  the  west  side  of  the  entry. 

The  coal  in  the  entry  near  the  cut-through  and  through  the  cut- 
through  had  many  new  blisters.  The  east  rib  of  the  air  course 
opposite  the  third  cut-through  and  for  a  short  distance  outby  this 
point  was  badly  blistered. 

In  the  air  course  there  were  still  large  quantities  of  coal  dust  remain- 
ing on  the  floor  from  A  650  to  A  450  but  in  decreasing  amount  as 
A  450  was  approached.  The  coal  dust  overlaid  the  shale  dust  from 
A  450  to  A  350.  There  was  considerable  coal  dust  still  remaining 
on  the  floor  for  75  feet  outby  this  point  but  very  little  beyond. 

A  sample  of  the  coked  dust  from  the  inby  comer  of  the  main 
entry  and  the  third  cut-through  was  analyzed  with  the  following 
results: 

Moiflture 1. 10 

Volatile  matter 15. 40 

Fixed  carbon 43. 19 

Aflh 40.81 

100.00 
Sulphur 1. 64 

The  ratio  of  volatile  matter  to  fixed  carbon  shows  a  large  decrease 
in  the  percentage  of  volatile  matter  over  that  in  the  original  coal 
dust. 

EFFECT  OF  BARRIEB. 

It  is  not  known  precisely  how  far  the  flame  extended  beyond 
the  Taffanel  barrier.  A  guncotton  tuft  30  feet  inby  the  mouth  of 
the  air  course  was  not  burned,  whereas  at  56  feet  inby  the  aiiHK>urse 


Digitized  by  LjOOQIC 


DETAILS   OP   EXPLOSION    TESTS.  118 

mouth  neither  the  tuft  nor  the  wire  that  had  held  it  could  be  found. 
The  flame  had  burned  the  guncotton  at  a  point  80  feet  from  the 
mouth,  80  that  the  flame  must  have  extended  past  A  80  but  not 
beyond  A  30.  Although  the  barrier  did  not  stop  the  flame  immedi- 
ately,  it  had  such  an  effect  that  the  flame  extended  a  much  shorter 
distance  than  previous  experiments  indicated  it  would  have  gone. 

ANALYSES  OF  GAS  SAMPLES  TAKEN  AFTEB  THE  EXPLOSION. 

Two  samples  of  air  were  taken  by  a  helmet  party  that  entered  the 
mine  at  the  main  opening  about  15  minutes  after  the  explosion  and 
while  the  smoke  was  still  issuing. 

The  analysis  of  a  sample  (No.  2249)  taken  150  feet  inby  the  main 
opening  showed  the  following  results: 

CO, L59 

O, 18.38 

CO LOS 

CH^ 42 

N 78.56 


100.00 

The  analysis  of  a  sample  (No.  2250)  taken  200  feet  inby  the  main 
opening  showed  results  as  follows: 

00, 1.47 

O, 18.30 

CO 1.08 

CH^ 35 

N 78.64 

Hf 16 

100.00 

The  results  of  the  two  analyses  are  very  similar.  The  oxygen 
content  is  high  and  would  be  capable  of  supporting  life  if  no  carbon 
monoxide  were  present,  but  the  carbon  monoxide  content  is  so 
great  that  a  person  not  protected  by  a  helmet  would  retain  con- 
scibuaness  only  a  few  minutes  in  such  an  atmosphere. 
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The  following  Bureau  of  Mines  publications  may  be  obtained  free 
by  applying  to  the  Director,  Bureau  of  Mines,  Washington,  D.  C: 

Bulletin  10.  The  uae  of  permiaBible  exploaves,  by  J.  J.  Rutledge  and  Claience 
HaU.    1912.    34pp.,5pl8. 

Bulletin  15.  InveBtigatioiifl  of  exploaves  used  in  coal  mines,  by  Clarence  Hall, 
W.  O.  Snelling,  and  S.  P.  Howell,  wiUi  a  chapter  on  the  natural  gas  uaed  at  Pittsbuis^, 
by  G.  A.  Burrell,  and  an  introduction  by  C.  E.  Munroe.    1911.    197  pp.,  7  pis. 

Bulletin  17.  A  primer  on  explosives  for  coal  miners,  by  G.  E.  Munroe  and  Clarence 
Hall.    61  pp.,  10  pis.    Reprint  of  United  States  Geological  Survey  Bulletin  423. 

Bulletin  20.  The  exploeibility  of  coal  dust,  by  G.  S.  Rice,  with  chapters  by  J.  C. 
W.  Frazer,  Axel  Lazsen,  Frank  Haas,  and  Carl  Scholz.  204  pp.,  14  pis.  Reprint 
of  United  States  Geological  Survey  Bulletm  425. 

Bulletin  44.  First  national  minoHAfety  demonstration,  by  H.  M.  Wilson  and  A.  H. 
Fay,  with  a  chapter  on  the  explosion  at  the  experimental  mine,  by  G.  S.  Rice.  1912. 
75  pp.,  7  pis. 

Bulletin  46.  An  investigation  of  explosion-proof  mine  motors,  by  H.  H.  Claik. 
1912.    44  pp.,  6  pis. 

Bulletin  48.  The  selection  of  explosives  used  in  engineering  and  mining  openi- 
tions,  by  Clarence  Hall  and  S.  P.  Howell.    1913.    50  pp.,  3  pis. 

Bulletin  52.  Ignition  of  mine  gases  by  the  filaments  of  incandescent  electiic 
lamps,  by  H.  H.  Clark  and  L.  C.  Ilsley.    1913.    31  pp.,  6  pis. 

Technical  Paper  4.  The  electrical  section  of  the  Bureau  of  Mines;  its  purpose 
and  equipment,  by  H.  H.  Clark.    1911.    12  pp. 

Technical  Paper  6.  The  rate  of  burning  of  fuse  as  influenced  by  temperature  and 
pressure,  by.W.  O.  Snelling  and  W.  C.  Cope.    1912.    28  pp. 

Technical  Paper  7.  Investigations  of  fuse  and  miners'  squibs,  by  Clarence  Hall 
and  S.  P.  Howell.    1912.    19  pp. 

Technical  Paper  11.  The  use  of  mice  and  bhrds  for  detecting  carbon  qwiiaxide 
after  mine  fires  and  explosions,  by  G.  A.  Burrell.    1912.    15  pp. 

Technical  Paper  12.  The  behavior  of  nitroglycerin  when  heated,  by  W.  O. 
Snelling  and  C.  G.  Storm.    1912.    14  pp.,  1  pi. 

Technical  Paper  13.  Gas  analysis  as  an  aid  in  fighting  mine  fires,  by  G.  A.  BuneQ 
and  F.  M.  Seibert.    1912.    16  pp. 

Technical  Paper  17.  The  effect  of  stemming  on  the  eflBciency  of  explanviet«  by 
W.  O.  Snelling  and  Clarence  Hall.    1912.    20  pp. 

Technical  Paper  18.  Magazines  and  thaw  houses  fcH*  explosives,  by  Clarence  Hall 
and  S.  P.  Howell.    1912.    34  pp.,  1  pi. 

Technical  Paper  19.  The  factor  of  safety  in  mine  electrical  installations,  by  H.  H. 
Clark.    1912.    14  pp. 

Technical  Paper  21.  The  prevention  of  mine  explosians;  report  and  recommenda- 
tions, by  Victor  Watteyne,  Carl  Meissner,  and  Arthur  Desborough.    12  pp.    Re- 
print of  United  States  Geological  Survey  Bulletin  369. 
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Tbchnicax.  Paper  23.  Ignition  of  mine  gu  by  miniature  electric  lamfM,  by  H.  H. 
Ckrk.    1912.    5  pp. 

Technical  Paper  24.  Mine  fixes;  a  preliminary  study,  by  G.  S.  Rice.    191 2.    51  pp. 

Technical  Paper  28.  Ignition  of  mine  gases  by  standard  incandescent  lamps,  by 
H.H.  Clark.    1912.    6  pp. 

Technical  Paper  29.  Training  with  mine-rescue  breathing  ai^Mratus,  by  J.  W.  Paul. 
1912.    16  pp. 

Technical  Paper  40.  Metal-mine  accidents  in  the  United  States  during  the  calendar 
year  1911,  compiled  by  A.  H.  Fay.    1913.    64  pp. 

Technical  Paper  46.  Quarry  accidents  in  the  United  States  during  the  calendar 
year  1911,  compDed  by  A.  H.  Fay.    1913.    34  pp. 

Technical  Paper  47.  Portable  electric  mine  lamps,  by  H.  H.  Clark.    1913.    12  pp. 

Technical  Paper  48.  Coal-mine  accidents  in  the  United  States,  1896-1912,  with 
monthly  statistics  for  1912,  compiled  by  F.  W.  Horton.    1913.    72  pp.    10  4ge. 

MiNBRs'  Circular  3.  Coal-dust  explosions,  by  G^.  Rice.    1911.    22  pp. 

Miners'  Circular  4.  The  use  and  caie  of  min^rescue  breathing  apparatus,  by 
J.W.  Pkul.    1911.    24  pp. 

MiNBRs*  Circular  5.  Electrical  accidents  in  mines;  their  causes  and  prevention, 
by  H.  H.  Clark,  W.  D.  Roberts,  L.  C.  Ilaley,  and  H.  F.  Randolph.  1911.  10  pp., 
Spla. 

Miners'  Circular  6.  Permissible  explosives  tested  prior  to  January  1,  1912,  and 
precautions  to  be  taken  in  their  use,  by  Clarence  Hall.    1912.    20  pp. 

Miners'  Circular  9.  Accidents  from  falls  of  roof  and  coal,  by  Q.  S.  Rice.  1912. 
16  pp. 

Miners'  Circular  10.  Mine  fires  and  how  to  fight  them,  by  J.  W.  Paul.  1912. 
14  pp. 

Miners'  Circular  11.  Accidents  from  mine  cars  and  locomotives,  by  L.  M.  Jones 
1912.    16  pp. 
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SAFETY  AND  EFFICIENCY  IN  MINE  TUNNELING. 


By  David  W.  Brunton  and  John  A,  Davis. 


INTRODUCTION, 

PUBPOSE  OF  BSPOBT. 

During  the  past  few  years  great  progress  has  been  made  in  the 
United  States  toward  safer,  more  efficient,  and  more  economical 
tunneling  methods.  This  advance  is  partly  due,  no  doubt,  to  the 
recent  increase  in  the  number  of  tunnels  and  adits  driven  for  devel- 
oping and  draining  mines  and  transporting  ore.  The  Bureau  of 
Mines  during  1911  and  1912  made  a  special  examination  of  this 
phase  of  mining  operations,  in  connection  with  an  investigation  of 
mining  methods  and  means  for  preventing  accidents.  The  details 
especially  studied  were  the  provisions  for  the  safety  of  employees,  the 
kinds  of  equipment,  the  methods  of  driving,  and  the  costs  of  con- 
struction. The  results  and  conclusions  obtained  from  that  investi- 
gation are  discussed  and  summarized  in  this  bulletin. 

Up-to-date  information  concerning  tunneling  methods  is  difficult 
to  obtain.  There  are  few  books  on  the  subject;  and  much  of  the 
material  they  contain,  although  interesting  and  of  value  historically, 
is  now  obsolete.  The  engineering  periodicals,  it  is  true,  endeavor  to 
keep  abreast  of  the  times,  and  several  in  nearly  every  issue  present 
swne  article  bearing  upon  tunnel  work.  But  the  very  multiplicity 
of  these  articles  prevents  one  from  reading  them  all,  and  the  foreman 
or  superintendent  in  charge  of  a  tunnel,  or  the  mining  engineer 
designing  one,  and  especially  the  business  man  financing  the  project, 
has  no  time  for  a  lengthy  search  after  scattered  articles  in  order  to 
determine  the  present  status  of  tunnel  work.  Then,  too,  knowledge 
of  new  methods  travels  slowly.  Valuable  inventions  and  improve- 
ments in  tunneling  as  well  as  ii;  all  the  other  industries  frequently 
remain  in  the  notebook  of  the  investigator,  or  as  theses  are  buried  in 
university  libraries,  or  are  published  only  in  journals  of  small  scien- 
tific societies.  New  tunneling  methods  and  equipment  that  are  prov- 
ing safe,  efficient,  and  economical  may  be  totally  unknown  outside 
the  district  in  which  they  originate.  This  paper,  based  on  a  special 
examination  both  in  the  field  and  in  engineering  literature,  is  in- 
tended to  supply  data  concerning  modem  and  recent  tunneling 
practice  in  the  United  States,  and  to  make  suggestions  that,  it  is 
hoped,  will  result  in  a  saving  to  the  mining  industry  of  energy, 
capital,  and  life. 
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In  most  of  the  published  accounts  of  tunnel  work  the  writers  do 
not  attempt  to  criticize  the  methods  they  are  describing.  The  arti- 
cles usually  present  accurate  descriptions  of  equipment  and  of  vari- 
ous phases  of  working  operations,  with  occasional  figures  showing  the 
cost  of  the  work;  rarely  do  they  include  a  discussion  of  the  means 
for  preserving  the  health  and  life  of  the  employees  or  data  bearing 
on  the  choice  and  efficiency  of  equipment,  or  an-  analysis  of  methods 
and  costs.  As  a  result,  the  reader  who  endeavors  to  draw  conclusions 
is  dependent  wholly  on  his  own  resources.  In  this  bulletin,  on  the 
contrary,  the  making  of  such  analyses  will  be  a  primary  considera- 
tion, but  as  the  purpose  of  the  bulletin  is  to  give  an  impartial  dis- 
interested report,  the  criticisms  made  are  intended  to  be  constructive 
rather  than  destructive.  For  that  reason  emphasis  is  placed  on  safe, 
efficient,  and  economical  methods  and  on  good  points  of  equipment, 
whereas  bad  practice  and  obsolete  machinery  are  ignored,  except, 
perhaps,  as  examples  of  what  was  inadvisable  or  as  having  some 
bearing  historically.  Thus  the  authors  hope  to  set  forth  a  guide  for 
future  work  rather  than  an  unillumined  record  of  past  or  present 
achievement. 

SCOPE  OF  BEFOBT. 

This  bulletin  is  confined  chiefly  to  a  discussion  of  timnets  and 
adits  for  mining  purposes,  such  as  drainage,  transportation,  or 
development,  but  it  also  discusses  those  used  to  cwry  water  for 
power,  irrigation,  or  domestic  use,  in  which  the  essential  features  are 
practically  identical  with  mine  tunnels. 

Most  tunnels  of  the  sort  discussed  are  driven  through  rocks  at  least 
fairly  hard  in  contrast  to  ordinary  soil,  quicksand,  and  other  heavy 
material  of  a  treacherous  nature,  and  practically  none  is  driven 
through  recent  river-bed  deposits.  Therefore  descriptions  of  the 
special  methods  and  equipment  for  tunnel  work  in  such  materials 
are  omitted.  A  distinction  is  made  between  tunnels  or  adits  for 
which  the  excavation  is  wholly  or  in  a  large  part  in  material  con- 
taining no  ore  and  those  that  follow  a  vein.  As  far  as  possible  the 
discussion  is  limited  to  the  former,  because  the  methods  employed  in 
driving  along  a  vein  are  usually  more  akin  to  the  distinctive  opera- 
ti«Qs  for  removing  ore  and  are  therefore  not  so  apt  to  be  good 
examples  of  tunnel  practice. 

It  has  been  suggested  by  prominent  authorities  that  the  word 
"  tunnel "  be  restricted  to  the  designation  of  such  nearly  horizontal 
passageways  as  extend  completely  through  a  mountain  or  hill  from 
daylight  to  daylight,  and  the  words  "adit"  and  "drift"  be  used  only 
for  nearly  horizontal  galleries  that  enter  from  the  surface  and  serve 
to  drain  a  mine  or  furnish  an  exit  from  the  workings  but  do  not  con- 
tinue entirely  through  the  hill.  Such  definition  is  eminently  desir- 
able from  strict  technical  consideration,  and  would  contribute  to  pre- 
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cision  of  nsage,  but,  although  the  suggestion  was  made  over  30  years 
ago  and  has  been  repeated  several  times  since,  such  usage  is  not  widely 
established.  The  American  practice  of  referring  to  any  horizontal 
gallery  as  a  tunnel,  without  regard  to  whether  it  extends  completely 
through  a  hill,  is  so  firmly  fixed  in  mining  literature  and  among 
mining  men  in  this  country,  even  being  embodied  in  the  United 
States  mining  laws,  that  the  use  of  a  more  precise  definition  has  been 
thought  scarcely  justifiable  in  this  report 
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In  the  preparation  of  this  bulletin  the  writers  are  deeply  indebted 
to  the  officials  of  the  New  York  Board  of  Water  Supply,  of  the  Los 
Angeles  Aqueduct,  and  of  the  United  States  Keclamation  Service, 
and  to  the  officers,  mana- 
gers, superintendents,  and 
foremen  at  the  different 
tunnels  for  favors 
granted,  for  inf<nination 
supplied,  often  at  no  little 
inconvenience,  and  above 
all,  for  a  hearty  coopera- 
tion that  has  been  an  un- 
failing source  of  inspira- 
tion. Many  thanks,  also, 
are  due  the  manufacturers 
of  equipment  and  mate- 
rials used  in  tunnel  work 
for  their  promptness  and 
courtesy  in  furnishing 
catalogues,  data  of  tests, 
and  similar  material,  and  in  supplying  photographs,  blue  prints,  and 
cuts.  Acknowledgment  is  made  of  many  valuable,  suggestions  ob- 
tained from  articles  in  engineering  periodicals  and  from  books  on 
tunneling  and  related  subjects. 

TUNNELS  VISITED, 

The  tables  below  briefly  summarized  the  chief  features  of  Ihe 
tunnels  and  adits  actually  visited  in  the  special  field  work  upon 
which  this  report  is  based.  Complete  information  was  obtained 
wherever  possible  concerning  surface  and  underground  equipment, 
provisions  for  safety  of  the  men,  use  of  explosives,  and  methods 
employed  in  driving  with  regard  to  efficiency,  cost,  and  other  data 
bearing  on  construction. 

Lack  of  space  prevents  a  full  presentation,  but  the  tabulation 
conveys  an  adequate  idea  of  the  location,  purpose,  and  magnitude 
of  the  different  tunnels. 


FioUES  1. — Cross  section  of  Rooseyelf  Tunnel. 
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The  Catskill  Aqueduct  (fig.  2),  in  Ulster,  Orange*  Putnam,  and 
Westchester  Counties,  and  the  city  of  New  York,  N,  Y.,  and  operated 


FiQUBB  2. — Cross  sections  of  typical  tunnels  in  the  Catskill  Aqueduct.  In  the  figure 
•  is  the  line  within  which  contractor  was  not  permitted  to  leave  projecting  rock,  b  is  the 
Ideal  average  line  of  excavation,  from  which  excavation,  masonry,  and  packing  quantities 
were  computed,  and  c  is  the  line  of  effective  thickness  of  masonry,  and  trimming  line, 
except  for  points  on  limited  areas. 

by  the  board  of  water  supply.  New  York  City,  includes  the  following 
tunnels,  of  which  those  examined  in  the  field  are  typical : 


Table  2. — Tunnels  of  Catskill  Aqueduct. 


Name  of  tunneL 


P«k 

Rondout  Siphon. 


BontkXKi 

Wankm  Siphon. 
Uoodna  Siphon. 

Hudson  Siphon. 

Breakneck 

BuUHin 

QaRboD* 


HontcnBrooka. 


Turkey  Mountain  a. . . 
Crolon  Lake  Siphon  a. 

Crotooa 

Chad«ayina 

Mfflwooda 


Length. 


Feet. 
3,470 
23,608 


6,823 

23,301 
25,200 

3,022 
1,054 
5,365 
11,430 

6,150 

1,400 
2,680 

3,000 

700 

4,760 


Character  of  rock  penetrated. 


Hard  rode 

Onondaga  limestone,  Binne- 
water  sandstone,  Hudson 
River  shale,  Esopus  shale. 
High  Falls  shale,  Shawan- 
£ank  erit,  Hamilton  and 
Marceuus  shale,  Helder- 
herg  limestone. 

Hudson  River  shale,  sand- 
stone. 

Hudson  River  shale 

Hard  sandstone,  granite,  and 
Hudson  River  shale. 

Granite 

Granite,  gneiss 

Granite 

Hard  gneiss 


Hard  rook,  soft  in  places; 
schist. 

Manhattan  schist 

Manhattan  schist,  Fordham 


Manhattan  schist 

....do 

Very  hard  rock,  except  170 
feet  soft  rock  and  earth; 


Started. 


November,  1908. 
March,  1909 


November,  1908. 


May,  1909 

February,  1909. 


December,  1910.. 
September,  1910.. 

June,  1909 

June,  1007  » 


September,  1909.. 

October,  1909 

July,  1910 


August.  1900 

November,  1909. 
May,  1910 


Completed. 


November,  1909. 
May,  1911. 


February,  1911. 

December,  1910. 
June,  1911. 

January,  1912. 
Apra,  1911. 
January,  1911. 
9,000  feet,  Deoem- 

ber,  1911. 
5,063  feet,  Deoem- 

ber,  1011. 
December,  1910. 
January,  1912. 

December,  1011. 
September,  1910. 
2,908  feet,  Decem- 
ber, 1911. 


•  Not  vistted  in  the  field;  data  obtained  lh>m  the  New  York  office  of  the  Board  of  Water  Supply. 

*  Suspended  November,  1010,  to  April,  1911. 
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Table  2. — 7'unneU  of  CatskW  Aqueduct — Continued. 


Name  of  tunnel. 

Length. 

Charaoter  of  rook  penetrated. 

started. 

Completed. 

SarlM« 

FeeL 
5,230 

1,100 
3,660 

6,388 

2,375 

12,302 

1.800 
H8.ll 

Gneiss,  hard  rock,  scdilst — 
do 

February,  1910.... 
June,  1010 

8,558  feet,  Deoem- 

ber,19li. 
January.WU. 
683  feet.  Deoembff, 

Harlem  R.  R.« 

Reynolds  HiUa 

EastViewo 

Schist 

October,  1910 

April,  1910 

May,  ipii. ,. 

do 

WU.' 
5,252  feet,  Deosm- 
^.  1911. 
438  feet,  Deoembff, 

191L 

September,  1911. 

F-lnvMord  «r 

Soft  rock,  schist 

Yonkers  Siphon 

Van  Cortland  Siphon. . . 

Yonk«n  g«ei«i. , . 

June,  1910 

do 

Fordham  EneJss.  ICanhattan 
schist.  *^ 

July,  1910 

City * 

December,  1911.... 

a  Not  visited  in  the  field;  data  obtained  from  the  New  York  office  of  the  Board  of  Water  Supply. 
Mliles. 

TUNNBLS  OF  LOS  ANOELES  AQUEDUCT. 

The  Los  Angeles  Aqueduct  (fig.  3) ,  in  Inyo,  Kern,  and  Los  Angeles 
counties,  Cal.,  and  operated  by  the  department  of  public  works, 


FiGUBB  3. — Cro88  section  of  a  typical  tnnnel,  Los  Angeles  Aqueduct. 

Los  Angeles,  for  water  supply,  power,  and  irrigation,  includes  the 
following  tunnels,  which  were  examined  in  the  field : " 

•  This  aqaeduct  inclndes  a  number  of  other  tunnels  that  were  not  visited  because  they 
were  either  completed  at  the  time  of  field  examination  or  were  being  driyen  by  hand 
drilling  through  soft  material. 
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Table  3. — Tunnels  of  Los  Angeles  AqMcduct  visited. 


Name  of  tunnel. 


Length. 


Cbtfioter  of  rock  pene- 
trated. 


StertecL 


Completed. 


Little  Lake  division: 
Tunnel  IB 


Tinuiel2., 


Tunnel  2A. 
Tunnels... 


Tunnel  4.. 
Tunnels., 


Tunnd6., 
Tunnel?., 


Tunnels. 


Tunnel  9.., 
TunnellO.. 


TunndlOA 

GnpeVlnedlviafon: 
Tunnell2 


TunnellS.. 
TonnelM. 


Tumulus.. 
Tunnel  16.. 


Tumiell?... 
TumMim.. 
Tunnel  17A. 

Tnnndl7B. 


EUabeth  division: 
EliKabetbLake 
TunneL 


Feet. 
1,918 


1,730 

1.322 
4,0i4 


2,093 

1,178 

411 
3,596 

2,560 


3,506 
5,753 


5,961 


4,900 
1,958 


2,723 


3.024 
1,364 
5,330 

9,220 


28,870 


Medium  tuurd  granite. ... 


Medium  hard  granite, 
very  wet. 

Medium  hard  granite. . . 

North  heading,  medium 
hard  granite;  south 
headlDff,  granite  of  va- 
rying nardnees  with 
dockets  of  COi  gas. 

Medium  hard  to  hard 
granite. 

Medium  hard  to  very 
hard  granite. 

Medium  hard  granite. . . . 

Variable,  soft  and  sweU- 
ing  In  parts. 

Medium  hard  to  hard, 
swelling  in  parts. 

Medium  hard  to  hard. . . 
Medium  hard  granite. .. . 


South 


mth   heading,   June. 
1900;  northheading. 


July,  1909. 
May,  1900.. 


....do 

South  heading.  March, 

1909;  north  heading. 

May,  1900. 


February,  1900. 
....do 


.do.. 


Medtaim  hard  to  hard.. 


Hard  granite.. 

do 


Hard  rock. 


.do. 
.do. 


Hard  granite., 

do.. , 

..do 


North  heading.  March, 
1900;  south  needing, 
November,  1909. 

North  heading,  Novem- 
ber, 1900;  south  head- 
ing, December,  1900. 

November.  1909 

South  heading,  Decem- 
ber, 1900;  north  head- 
ing, January,  1910. 

Both  headings,  March, 
1910. 


July.1909 

North    headins,    July, 

1909;  south  heading. 

May,  1900. 
North 'heading,   April, 

1900;  souUheading, 

May,  1900. 
North   hcadinc,    May, 

1909;  south  heading, 

Julv,  1900. 
North   heading,    July, 

1909:  south  heading, 

April,  1909. 

Mareh,1909 

January,  1910 

Both  headings,  January, 

1910. 
Both  headings,  March, 

1910. 

South  heading,  Oct.  6, 
1907;  north  heading, 
Nov.  1, 1907. 


December,  1909. 


September,  1909. 

September,  1903. 
July,  1911. 


November,  1909. 

July,  1909. 

May,  1909. 
July,  1911. 

August,  1911. 


Februarv,  IQll. 
August,  1911. 


December,  1911. 


May,  1911. 
Aprd,  1910. 


February,  1910. 

December,  1909. 

February,  1910. 

November,  1910. 
Oct.  31,  1910. 
February,  1912. 

(•) 
Feb.  28, 1911. 


oDec  1, 1911,  north  heading  had  been  driven  3,800  feet;  south  heading,  3,634  feet;  completed  in  1912. 

AMERICAN  TUNNELS  DESCRIBED  IN  ENGINEERING 

MAGAZINES. 

The  following  data  are  comparable  with  those  above,  and  give 
practically  similar  information  concerning  certain  American  tunnels 
that  were  not  examined  in  the  field  but  are  rather  fully  described  in 
engineering  periodicals.  Although  the  information  contained  in  the 
various  accounts  is,  perhaps,  somewhat  less  complete  than  similar 
data  obtained  at  other  tunnels  actually  visited,  nevertheless  it  is 
generally  sufficient  for  each  tunnel  to  convey  a  good  idea  of  the  main 
features  of  the  work  done. 
17164*— Bull.  57—14 2 
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CAUSES  AND  PBBVENT7ION  OP  TUNNBIi  ACCIDBNTS. 

Data  collected  by  the  Bureau  of  Mines  show  that  an  average  of 
nearly  4  men  for  each  1,000  employed  in  and  about  the  metal  mines 
of  the  United  States  were  killed  during  the  year  1911,  as  compared 
with  3.8  per  1,000  in  coal  mining  during  the  same  period.  Although 
complete  figures  for  accidents  in  tunnel  driving  can  not  be  obtained, 
a  study  of  such  data  as  could  be  collected  indicates  that  the  number 
of  deaths  per  year  per  1,000  men  employed  has  been  somewhat  greatei* 
than  the  above  figures,  the  result  obtained  by  averaging  data  extend- 
ing over  periods  of  1  to  10  years  for  16  representative  tunnels  being 
4.7  deaths  per  year  per  1,000  men  employed.  In  addition  to  the  men 
kiUed  outright  by  accidents  in  tunnel  work,  nearly  3  times  as  many 
more  have  been  seriously  injured  or  perhaps  maimed  for  life,  and 
ahnost  13  times  as  many  slightly  injured.  By  far  the  largest  part 
of  these  deaths  and  injuries  was  caused  by  falling  ore  or  rock  from 
the  roof  or  walls  of  the  tunnels,  but  explosives,  haulage,  electricity, 
and  other  causes  have  each  contributed  their  quota  of  casualties. 

Are  these  accidents  preventable?  Not  entirely,  because  some  ele- 
ments of  danger  are  inherent  in  the  work  of  driving  tunnels ;  such, 
for  example,  as  the  danger  from  some  unforeseen  falls  of  roof,,  from 
the  derailment  of  tunnel  cars,  or  the  risk  involved  in  handling  even 
the  least  dangerous  explosives  by  the  most  approved  methods.  But 
it  is  equally  true  that  much  of  the  present  mortality  and  injury  is  the 
result  of  ignorance  or  gross  carelessness,  and  can  be  avoided.  When, 
for  instance,  a  man  sees  fit  to  thaw  frozen  dynamite  in  a  frying  pan 
or  by  a  candle  flame,  there  is  nothing  accidental  about  the  explosion 
that  ensues,  except,  possibly,  the  fact  that  a  man  so  ignorant  or  reck- 
less should  have  been  intrusted  with  so  dangerous  a  substance.  Nor 
is  the  responsibility  for  accidents  all  on  the  part  of  the  miner.  The 
manager  and  his  representatives  are  in  many  cases  either  ignorant 
of  the  precautions  that  should  be  taken  for  the  safety  of  the  men  or 
most  negligent  in  seeing  that  they  are  properly  and  consistently  car- 
ried out.  The  following  discussion  of  causes  of  tunnel  accidents  is 
presented  in  the  hope  that,  by  bringing  these  matters  once  more 
squarely  to  the  attention  of  the  men  interested,  much  of  the  needless 
death  and  suffering  may  be  prevented. 

CATTSES  OF  ACCIDENTS. 
FAIJJ3  OF  ROOF. 

There  are  many  causes  that  combine  to  make  falls  of  rock  from  the 
roof  by  far  the  greatest  source  of  danger  in  tunnel  work,  but  perhaps 
the  chief  of  these  is  the  common  practice  of  greatly  overloading  the 

17 
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holes  with  explosives.  Extremely  heavy  charges  shatter  and  crack 
rock  that  would  ordinarily  stand  without  any  danger  of  falling,  and 
render  it  extremely  dangerous  to  the  men  working  underneath.  Of 
course  it  is  essential  to  efficient  work  in  tunnel  driving  that  the  blast 
should  completely  "  break  bottom  "  without  any  necessity  for  a  second 
loading  and  firing;  still  every  foreman  and  superintendent  should 
see  that  the  smallest  amount  of  dynamite  that  will  do  the  required 
work  is  employed  in  the  holes  near  the  roof.  Economy  of  explosive 
demands  this,  all  other  considerations  aside;  but  the  dangers,  also, 
of  the  heavier  charges  should  be  thoroughly  appreciated  by  the  super- 
intendent and,  when  such  charges  seem  imperative,  extra  vigilance 
should  be  exercised  and  extra  precautions  taken  for  the  safety  of 
the  men. 

Another  prolific  source  of  accident  is  the  fact  that  men  sometimes 
return  to  the  tunnel  face,  after  shooting  a  round,  without  thoroughly 
testing  the  roof  just  exposed  by  the  blast.  It  should  be  the  duty  of 
every  man  employed  in  the  tunnel  to  examine  the  roof  under  which 
lie  must  work,  and  especially  in  that  part  of  the  tunnel  newly  ex- 
posed after  shooting;  the  foreman,  upon  reaching  the  heading  after 
the  blast,  should  at  once  detail  one  or  two  men  (or  as  many  as  prove 
necessary)  to  clean  down  thoroughly  all  the  loose  pieces  of  overhead 
rock.  Fortunately,  this  is  done  regularly  at  all  well-organized  tun- 
nels and  it  is  a  practice  that  can  not  be  too  highly  recommended  for 
universal  adoption. 

It  must  be  admitted  that  from  a  roof  declared  by  experienced  men 
to  be  sound,  a  large  block  may  suddenly  and  without  warning  crash 
into  the  tunnel.  This  occurrence  will  undoubtedly  be  claimed  to  have 
been  purely  accidental ;  yet  even  the  danger  from  such  a  block  (which 
perhaps  was  perfectly  solid  when  first  exposed,  but  became  loosened 
by  the  concussion  of  subsequent  blasting)  is,  in  many  cases,  over- 
looked because  of  the  lack  of  illumination  in  which  all  tunnel  work 
must  be  done,  and  may  be  discovered  in  time  if  there  is  a  systematic 
and  regular  examination  of  the  entire  roof  of  the  tunnel.  Scmie  one 
has  pointedly  observed,  "  The  fall  of  a  slab  of  rock  weighing  any- 
thing less  than  1  ton  should  at  once  be  charged  to  carelessness." 

It  should  be  said  in  this  connection  that  the  "  sound  "  of  the  roof 
is  not  a  proper  criterion  of  its  safety,  because  there  are  numerous 
cases  on  record  where  the  sound  of  the  roof  was  satisfactory  and 
indicated  rock  that  seemed  solid  even  to  experienced  men,  although 
a  big  block  or  bowlder  was  actually  loose.  The  better  method  of 
testing  the  roof — one  used  by  many  large  mining  companies  and 
recommended  by  the  Bureau  of  Mines  <» — ^is  to  strike  it  with  a  pick 
or  a  heavy  stick,  at  the  same  time  touching  the  doubtful  piece  with 
the  free  hand.    If  any  vibration  is  felt  the  rock  is  unsafe  and  should 

*  Rice,  G.  8.,  Acddcnts  from  falls  of  roof  and  coal :  Miners*  Circalar  d,  1912,  p.  8. 
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be  taken  down  or  supported  at  once.  If  the  roof  is  too  high  to  reach 
with  the  hand,  a  stick  should  be  held  against  the  doubtful  piece  while 
it  is  being  struck,  and  if  it  is  loose  the  vibration  can  be  felt  through 
the  stick. 

Prompt  and  adequate  timbering  is  extremely  important.  But 
timbering  is  a  laborious  process  and  it  either  takes  the  men  of  the 
tunnel  crew  from  their  regular  work,  or  it  requires  extra  men.  Ex- 
tra men,  however,  add  to  the  confusion  in  the  heading  and,  as  their 
work  is  done  simultaneously  with  the  other  work  of  the  tunnel,  it 
seriously  hinders  either  the  drillers  or  the  shovelers,  or  both.  So  it 
has  become  recognized  among  tunnel  men  that  in  most  cases  timber- 
ing seriously  impedes  the  progress  of  driving,  and  therefore,  although 
it  may  be  well  understood  that  the  roof  is  dangerous,  there  is  almost 
always  a  tendency  on  the  part  of  those  responsible  to  delay  timber- 
ing as  long  as  possible.  Perhaps  the  American  willingness  to  ^'  take 
a  chance" — a  trait  particularly  noticeable  in  the  Western  States — 
may  be  a  contributing  cause ;  but  the  fact  remains  that  the  work  of 
timbering  is  too  often  delayed  until  a  so-called  ^^ accident"  brings 
the  necessity  forcibly  and  unavoidably  to  the  front.  It  is  impossible 
to  urge  too  strongly  that  all  necessary  timbering  be  done  promptly, 
that  it  can  not  be  done  too  soon,  and  that  any  delay  seriously  jeop- 
ardizes the  lives  and  limbs  of  the  men  who  have  to  work  under  a  roof 
improperly  supported. 

It  is  true  that  in  many  tunnels  the  weight  of  the  roof  or  pressure 
against  the  walls  has  been  too  great  even  for  the  strongest  and  heavi- 
est timbering,  and  although  such  breakage  can  not  always  be  pre- 
vented, it  may  often  be  alleviated  by  means  discussed  in  the  section 
on  timbering.  The  important  consideration  in  these  cases  as  regards 
safety  is  the  fact  that  actual  failure  of  the  timbers  and  caving  of  sup- 
ported ground  rarely  comes  without  warning.  Either  the  timbers 
will  at  least  be  bent  appreciably  before  they  break,  or,  as  is  usually 
the  case,  they  will  crack  and  splinter  and  so  give  unmistakable  warn- 
ing to  the  miner  that  the  time  is  approaching  when  they  will  collapse. 
With  such  warning  any  subsequent  accident  is  chargeable  to  careless- 
ness or  negligence  in  heeding  the  danger  signal.  It  may  be  said  in 
this  connection  that,  other  things  being  equal,  timber  that  has  a  fiber 
that  win  split,  crack,  or  splinter  out,  rather  than  that  which  has  a 
fiber  that  will  break  oflf  short  under  a  transverse  strain,  is  on  this 
account  more  desirable  for  such  work. 

Falls  of  rock  are  also  caused  by  cars  becoming  derailed  and  knock- 
ing out  the  supporting  timbers  under  -a.  heavy  or  loose  part  of  the 
r(X)f,  allowing  the  roof  to  fall  and  kill  or  injure  any  men  who  happen 
to  be  underneath.  Such  accidents  are  in  many  cases  unavoidable 
because  of  the  difficulty  of  preventing  derailments.  Owing  to  the 
lack  of  illuminaticm,  it  is  usually  impossible  to  see  whether  the  track 
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ahead  is  clear,  and  it  is  therefore  necessary  to  run  somewhat  blindly 
and  assume  that  nothing  has  fallen  upon  the  track  since  the  previous 
trip;  and  the  mere  work  of  keeping  the  roadbed  of  a  tunnel  track 
in  such  shape  that  its  unevenness  would  no  longer  cause  the  cars  to 
jump  off  would  be  enormous.  The  only  way,  therefore,  to  lessen  these 
accidents  (which  fortunately  are  not  so  numerous  as  from  other 
causes)  is  to  Peep  the  track  in  as  good  condition  as  possible,  and  to 
use  all  reasonable  watchfulness  and  caution  in  tramming,  and  to 
avoid  in  particular  running  trips  at  a  high  speed  over  bad  track. 

USE  OF  EXFIX)SIVES. 

Next  in  importance  as  a  cause  of  injury  in  tunnel  work  is  the 
careless,  reckless,  improper,  or  ignorant  use  (or  rather  misuse)  of 
explosives-  Such  accidents  are  of  various  kinds,  the  most  frequent 
being  those  arising  from  handling,  storing,  and  thawing  dynamite, 
from  premature  blasts,  from  misfires,  or  from  poisoning  by  gases 
from  explosives.  The  subject  of  the  proper  ways  to  handle,  store, 
and  thaw  dynamite  is  treated  at  some  length  in  the  chapter  on 
blasting,  but  as  it  is  impossible  to  place  too  much  emphasis  upon  the 
necessity  for  care  and  caution  in  the  use  of  explosives,  a  recital  here 
of  the  precautions  to  be  taken  is  well  warranted. 

PBECAUTIONS  AS   TO   HANDLING. 

Don't  forget  the  nature  of  explosives,  but  remember  that  with 
proper  care  they  can  be  handled  with  comparative  safety. 

Don't  smoke  while  handling  explosives  and  don't  handle  explosives 
near  an  open  light. 

Don't  shoot  into  explosives  with  a  rifle  or  pistol,  either  in  or  out 
of  a  magazine. 

Don't  attempt  to  manufacture  any  kind  of  an  explosive  except 
under  the  supervision  and  direction  of  a  trustworthy  person  who  is 
skilled  in  the  art.  Many  serious  accidents,  which  have  destroyed 
lives  or  inflicted  injury  on  persons  and  property,  have  been  caused 
by  such  attempts. 

Don't  carry  blasting  caps  or  electric  detonators  in  the  clothing. 

Don't  tap  or  otherwise  investigate  a  blasting  cap  or  electric  deto- 
nator. 

Don't  attempt  to  take  blasting  caps  from  the  box  by  inserting  a 
wire,  nail,  or  other  sharp  instrument. 

Don't  try  to  withdraw  the  wires  from  an  electric  detonator. 

PRECAUTIONS  AS  TO  STOBINO. 

Don't  leave  explosives  in  a  wet  or  damp  place.  They  should  be 
kept  in  a  suitable,  dry  place,  under  lock  and  key,  and  where  children 
or  irresponsible  persons  can  not  get  at  them. 


Digitized  by  LjOOQIC 


Causes  AiTi>  ^ftfitfEirtlC)^  6f  Tu^ilttt  accidents.  2l 

Don't  store  dynamite  so  that  the  cartridges  are  on  end,  as  this 
position  increases  the  danger  of  nitroglycerin  leaking. 

Don't  store  or  handle  explosives  near  a  residence. 

Don't  open  packages  of  explosives  in  a  magazine. 

Dont  open  dynamite  boxes  with  a  nail  puller,  or  powder  cans  with 
a  pickax. 

Don't  store  or  transport  detonators  and  explosives  together. 

Don't  keep  electric  detonators,  blasting  machines,  or  blasting  caps 
in  a  damp  place. 

Don't  allow  priming  (the  placing  of  a  blasting  cap  or  electric 
detonator  in  dynamite)  to  be  done  in  a  thawing  house  or  magazine. 

PBKCAT7TION8  AS  TO  THAWING. 

Don't  use  frozen  or  chilled  explosives.  Most  dynamite  freezes  at 
a  temperature  between  45°  F.  and  50^  F. 

Don't  thaw  dynamite  on  heated  stoves,  rocks,  sand,  bricks  or  metal, 
or  in  an  oven,  and  don't  thaw  dynamite  in  front  of,  near,  or  over  a 
steam  boiler  or  fire  of  any  kind. 

Don't  take  djmamite  into  or  near  a  blacksmith  shop  or  near  a  forge. 

Don't  put  dynamite  on  shelves  or  anything  else  directly  over  steam 
or  hot- water  pipes,  or  other  heated  metal  surface. 

Don't  cut  or  break  a  dynamite  cartridge  while  it  is  frozen,  and 
don'^t  rub  a  cartridge  of  dynamite  in  the  hands  to  complete  thawing. 

Don't  heat  a  thawing  house  with  pipes  containing  steam  under 
pressure. 

Don't  place  a  "hot- water  thawer"  over  a  fire,  and  never  put 
dynamite  directly  into  hot  water  or  allow  it  to  come  in  contact  with 
steam. 

LOADINO   FBSCAI7TIONB. 

Dont  allow  thawed  dynamite  to  remain  exposed  to  low  tempera- 
ture before  using  it  If  it  freezes  before  it  is  used,  it  must  be  thawed 
again. 

Don't  fast^i  a  blasting  cap  to  the  fuse  with  the  teeth  or  flatten 
the  cap  with  a  knife ;  use  a  cap  crimper.  The  ordinary  cap  contains 
enough  fulminate  of  mercury  to  blow  a  man's  head  or  hand  to  pieces. 

Don't  "  lace  "  fuse  through  dynamite  cartridges.  This  practice  is 
frequently  responsible  for  the  burning  of  the  charge. 

Don't  explode  a  charge  to  chamber  a  hole  and  then  immediately 
reload  it,  as  the  bore  hole  will  be  hot  and  the  second  charge  may 
explode  prematurely. 

Don't  force  a  primer  into  a  bore  hole. 

Don't  do  tamping  with  iron  or  steel  bars  or  tools.  Use  only  a 
wooden  tamping  stick  with  no  metal  parts. 

Don't  handle  fuse  carelessly  in  cold  weather,  for  when  it  is  cold  it 
is  stiff  and  breaks  easily. 


Digitized  by  LjOOQIC 


22  SAFETY  AND  BPFICIBWCY  IK  MINE  TUNNELINO* 

Don't  cut  the  fuse  short  to  save  time.    Such  economy  is  dangerous. 

Don't  worry  along  with  old  broken  leading  wire  or  connecting 
wire.  A  new  supply  will  not  cost  much  and  will  pay  for  itself  many 
times  over. 

FIRING   PBBCATTTIONS. 

Don't  explode  a  charge  before  every  one  is  well  beyond  the  danger 
line  and  protected  from  flying  debris.  Protect  the  supply  of  explo- 
sives also  from  the  flying  pieces. 

Don't  hurry  in  seeking  an  explanation  for  the  failure  of  a  charge 
to  explode. 

Don't  drill,  bore,  or  pick  out  a  charge  that  has  failed  to  explode. 
Drill  and  charge  another  bore  hole  at  least  2  feet  from  the  missed  one. 

PREMATURE   EXPLOSIONS. 

It  is  often  difficult  to  determine  just  what  were  the  causes  of 
premature  explosion,  because  the  persons  responsible  for  the  explosion 
rarely  survive  to  tell  the  tale  and  even  eyewitnesses  are  scarce;  but 
carelessness  in  handling  the  dynamite  in  the  heading  is  no  doubt  the 
most  potent  factor.  In  many  cases  the  so-called  accident  does  not 
result  from  the  first  instance  of  carelessness  or  recklessness,  but  is  the 
disastrous  climax  of  a  series  of  practices  that  have  become  habitual ; 
hence  persons  knowing  the  common  disregard  for  dynamite  on  the 
part  of  the  men  who  handled  it  and  were  killed  are  able  to  draw 
accurate  conclusions  as  to  the  probable  cause  of  the  "  accident."  As 
an  example  might  be  cited  the  case  of  two  men  who  were  accustomed 
to  throw  sticks  of  dynamite  to  each  other  along  the  tunnel,  over  dis- 
tances of  15  or  20  feet,  especially  if  visitors  with  "nerves"  were 
present.  But  even  at  other  times,  perhaps  because  of  long  famil- 
iarity with  dynamite  and  hence  a  contempt  or  disr^ard  of  its  true 
dangerousness,  the  sticks  were  thrown  to  one  another  rather  than 
carried  the  few  intervening  feet.  However,  the  practice  as  far  as 
these  two  personally  were  concerned,  was  finally  stopped  by  a  disas- 
trous explosion  in  which  they  were  blown  almost  to  atoms.  The  sub- 
sequent appearance  of  the  tunnel  indicated  that  the  explosion  was 
caused  by  the  detonation  of  a  stick  falling  near  the  full  supply  for 
the  entire  round. 

Another  cause  of  premature  explosions  is  the  practice  of  carrying 
dynamite  to  the  face  of  the  tunnel  in  a  box  or  sack  and  dropping 
it  rather  roughly  to  the  ground  at  the  end  of  the  journey.  This  con- 
tempt is  also  bred,  no  doubt,  by  familiarity.  It  is  true  that  often- 
times gelatin  dynamite  is  not  as  sensitive  to  direct  shocks  as  one 
might  imagine,  and  that  many  times  it  will  stand  very  rough  usage 
without  detonation;  but  in  other  cases,  and  there  are  very  many  of 
them  on  record,  serious  explosions  have  ensued  as  a  result  of  inex- 
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cnsaUe  carelessness  in  handling.  It  is  neither  safe  nor  advisable  to 
rely  in  any  degree  whatsoever  upon  the  "  inertness "  of  dynamite. 
Nor  is  it  possible  to  condemn  too  strongly  the  practice  of  carrying 
detonators  or  primers  (sticks  of  dynamite  containing  a  detonator 
and  a  fuse)  in  the  same  bundle  with  the  rest  of  a  supply  of  ex- 
plosive for  a  round.  The  detonators  should  always  be  brought  in 
separately  and  should  under  no  circumstances  be  placed  in  the  same 
box  or  even  near  together  in  the  heading.  Many  serious  accidents 
have  resulted  through  disregard  of  this  rule. 

A  certain  risk  must  always  attend  the  loading  of  a  bore  hol6  with 
dynamite,  especially  during  the  insertion  of  the  primer,  but  much  of 
the  danger  that  often  needlessly  accompanies  this  work  can  be 
minimized  or  avoided  by  proper  care.  Efficiency  of  course  demands 
that  there  shall  be  no  air  spaces  in  the  charge  of  explosive  when  it  is 
finally  ready  for  detonation;  hence  the  dynamite  must  be  rammed 
down  so  that  it  fills  all  the  unequal  spaces  in  the  bore  hole ;  but  tamp- 
ing should  always  be  done  by  pressure  rather  than  impact.  Never 
use  a  tamping  bar  as  if  it  were  a  javelin.  But  even  in  pressing 
down  the  charge,  great  care  must  be  taken  that  too  much  force  is  not 
employed,  especially  if  a  cartridge  seems  to  stick  in  a  hole ;  for  should 
it  become  suddenly  loosened  the  miner  might  not  be  able  to  recover 
himself  in  time  to  prevent  its  being  rammed  hard  against  the  bottom 
with  disastrous  results.  Anything  more  than  light  pressure  should 
never  be  given  the  primer  and  under  no  circumstances  should  it  or 
the  succeeding  cartridge  be  struck  a  blow  with  the  rod. 

Insularity  in  the  rate  at  which  fuse  bums  is  also  a  cause  of  pre- 
mature explosions.  Different  makes  and  brands  of  fuse  burn  at 
different  rates,  and  a  miner  accustomed  to  a  slow-burning  fuse  will 
perhaps  not  realize  the  necessity  of  cutting  the  faster  fuse  longer,  so 
that  he  may  have  time  enough  to  reach  a  place  of  safety  before  the 
detonation  takes  place.  There  are  several  causes  of  variations  in  the 
burning  rate  even  of  the  same  brand  of  fuse.  For  example,  experi- 
ments conducted  by  the  Bureau  of  Mines**  show  that  mere  confine- 
ment in  a  closed  vessel  is  sufficient  to  cause  a  fuse  to  bum  three  or  four 
times  faster  than  its  normal  rate.  It  is  true  that  under  ordinary  con- 
ditions of  mining,  variations  of  this  magnitude  are  not  apt  to  be 
reached,  but  irregularities  of  20  or  even  30  per  cent  are  quite  possible 
and  in  long  bore  holes  in  which  a  quantity  of  tamping  is  used, 
especially  of  a  type  impervious  to  the  escape  of  the  gases  (such  as 
closely  packed  wet  clay),  the  variation  may  be  much  greater.  There- 
fore, with  such  tamping,  the  rate  of  burning  may  be  increased  to  a 
dangerous  extent,  unless  due  allowance  be  made  for  the  extra  speed. 
But  even  more  important  is  the  effect  produced  by  mechanical  injury, 

"  Snriling;  W.  C.  and  Cope,  W.  C,  The  rate  of  burning  of  fase  as  Influenced  by  tempera- 
tOR  and  piewure :  Technical  Paper  6,  Bureau  of  Mines,  1912,  28  pp. 
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which  is  more  apt  to  be  a  common  occurrence.  Mere  bending  of  fuse 
(if  it  is  in  proper  condition  for  use),  such  as  might  result  from 
coiling  it  near  the  collar  of  the  hole  to  prevent  its  being  struck  by 
flying  rock  from  other  blasts,  or  even  placing  it  with  some  force 
within  the  hole,  has  little  if  any  effect  upon  the  rate  of  burning;  but 
abrasion,  bloWs,  or  too  great  pressure  produces  serious  variations  in 
this  rate  and  in  some  cases  may  even  cause  fuse  to  bum  almost  in- 
stantaneously. It  is  therefore  essential  that  none  but  fuse  in  good 
condition  ever  be  brought  into  the  heading,  and  that  care  be  taken 
while  it  is  there  to  see  that  it  is  not  injured  by  rocks  or  tools  falling 
on  it,  and  that  it  is  not  abraded  or  otherwise  injured  with  the  tamp- 
ing  bar  while  the  hole  is  being  loaded. 

Mention  should  be  made  of  the  seemingly  obvious  danger  of  re- 
loading a  bore  hole  before  it  has  had  time  to  cool  off  sufficiently  from 
a  previous  blast.  In  tunnel  work  this  danger  occurs  in  connection 
with  the  "guns" — ^the  ends  of  holes  that  have  not  broken  to  the 
bottom  with  the  first  explosion. 

MISFIRES. 

Many  deaths  and  injuries  are  caused  by  the  subsequent  detonation 
of  a  charge  of  dynamite  that  failed  to  explode  at  the  proper  time. 
Such  misfires  do  not,  however,  cause  accidents  unless  the  charge  is 
detonated  unexpectedly.  Sometimes  this  happens  by  drilling  into  it 
during  preparations  for  the  next  round,  or  by  striking  it  in  the  muck 
pile,  where  it  has  been  thrown  by  the  blast  from  a  neighboring  hole, 
or  perhaps  by  the  sudden  explosion  of  a  delayed  shot  from  a  fuse 
that  has  long  been  smouldering. 

Many  misfires  can  be  traced  directly  to  some  injury  to  the  fuse. 
The  insertion  of  the  primer  into  the  hole,  fuse  end  first,  often  causes 
fuse  to  crack  at  the  sharp  bend  thus  made;  tlie  danger  of  such  crack- 
ing is  especially  great  when  the  fuse  is  cold  or  the  hole  is  full  of  cold 
water.  Sudden  and  rough  uncoiling  of  the  fuse  in  cold  weather  will 
usually  cause  it  to  break.  Obviously,  therefore,  cold  fuse  should  not 
be  bent,  twisted,  or  roughly  handled.  It  is  claimed  by  some  persons 
that  misfires  are  caused  through  fuse  being  cut  off  ahead  of  the  fire 
by  the  explosion  of  a  neighboring  hole,  so  that  the  charge  fails  to 
explode.  There  is  some  question  whether  this  really  happens  or  not ; 
but,  if  it  does,  it  is  a  pretty  strong  argument  that  the  hole  was  mis- 
placed, for  if  a  hole  is  properly  placed,  only  in  rare  instances,  if  ever, 
will  enough  of  it  be  shot  away  to  cut  off  the  fuse  ahead  of  the  fire. 
It  is  also  claimed,  and  with  somewhat  more  reason,  that  the  fuse  is 
apt  to  be  torn  out  by  flying  pieces  of  rock  from  the  explosion  of  other 
holes,  but  this  result  can  be  largely  obviated  if  the  fuse  is  properly 
coiled  close  to  the  mouth  of  the  hole  before  it  is  "  spit." 
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Tbe  failure  of  a  fuse  properly  to  ignite  a  detonator  is  often  the 
result  of  improper  storage.  When  the  asphalt  waterproofing  compo- 
sition used  in  some  fuses  gets  too  hot  it  becomes  viscid  and  agglom- 
erates the  powder  grains  in  the  core  of  the  fuse  and  thus  delays,  and 
in  some  cases  actually  prevents,  the  fuse  from  burning.  Experi- 
ments conducted  by  the  Bureau  of  Mines*  indicate  that  prolonged 
exposure  at  a  temperature  of  60^  C.  is  sufficient  to  cause  a  marked 
retardation  in  the  rate  of  burning  of  fuse.  It  follows,  therefore,  that 
fuse  should  not  be  stored  near  boilers,  steam  pip^,  or  other  sources  of 
heat,  where  the  temperature  is  apt  to  be  high.  Cold  is  likewise 
deleterious,  for  it  renders  the  asphalt  composition  brittle  and  liable 
to  crack,  and  these  cracks  either  decrease  the  rate  of  burning  by  per- 
mitting the  gas  from  ihe  powder  core  to  escape  more  readily  than 
usual,  or,  if  they  are  large  enough,  they  may  stop  the  travel  of  the 
fire  entirely.  The  fuse  should  be  carefully  protected  from  moisture 
during  storage  for,  with  waterproof  fuse  of  the  type  almost  uni- 
versally employed  in  tunneling,  if  the  dampness  once  gets  into  the 
powder  train  its  removal  is  difficult.  As  the  fuse  bums,  the  moisture 
is  driven  ahead  of  the  fire  in  the  form  of  steam  and  even  if  it  does 
not  accumulate  in  sufficient  quantity  to  quench  the  fire  in  the  fuse, 
enough  of  it  may  be  driven  into  the  detonator  to  prevent  ignition  and 
thus  cause  a  misfire. 

Many  misfires  originate  from  improperly  prepared  primers. 
Before  the  fuse  is  inserted  into  the  detonator,  an  inch  or  two  should 
be  cut  off  and  thrown  away,  for  gunpowder  (which  forms  the  core 
of  the  fuse)  is  somewhat  hygroscopic,  and  the  end  of  the  fuse  may 
have  gathered  moisture  enough  to  quench  the  burning  powder  or 
prevent  the  ignition  of  the  cap.  This  cut  should  be  made  with  a 
sharp-cutting  tool,  squarely  across  the  fuse,  for  if  made  diagonally 
the  point  may  curl  over  the  end  of  the  fuse  when  inserted  in  the 
det<»ator  and  thus  prevent  the  spit  of  the  powder  train  from  reaching 
the  detonating  composition  in  the  cap.  Care  should  also  be  taken 
that  the  powder  grains  in  the  end  of  the  fuse  do  not  leak  out  after 
the  fuse  has  been  cut,  for  this  would  tend  to  weaken  the  force  of  the 
spit  into  the  detonator  and  might  prevent  its  ignition.  The  open 
end  of  the  cap  should  be  carefully  crimped  around  the  fuse  with  a 
proper  crimping  tool,  so  that  it  will  be  tight  enough  to  hold  the 
detonator  and  the  fuse  together  and  keep  out  moisture,  but  the  crimp- 
ing should  not  be  tight  enough  to  cut  off  the  powder  train  in  the 
fuse-  This  is  particularly  liable  to  happen  with  a  narrow  crimping 
tool  diat  presses  a  narrow  groove  in  the  detonator  and  the  underlying 
fuse.    There  are  tools  on  the  market  that  have  a  crimping  face  of  at 

•  Snelliiis;  W.  O.,  and  Cope,  W.  C,  The  rate  of  barnln?  of  fuse  as  influenced  by  tempera- 
ture and  prenare.  Technical  Paper  C :  Bureau  of  Mines,  1912,  p.  19. 
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least  a  quarter  of  an  inch,  and  the  extra  price  of  these  tools  would 
be  no  more  than  the  cost  of  the  explosive  wasted  by  a  single  misfire — 
to  say  nothing  of  the  loss  of  life  that  might  arise  therefrom.  It  is, 
of  course,  obvious  that  the  teeth  or  a  knife  should  never  be  used  for 
crimping,  for,  as  previously  stated,  there  is  enough  explosive  in  an 
ordinary  detonator  to  blow  a  man's  head  or  hand  to  pieces.  After 
it  is  crimped,  the  detonator  should  be  buried  in  the  end  of  the  stick 
of  dynamite,  with  its  axis  parallel  to  that  of  the  stick,  and  the  top 
of  the  detonator  should  be  flush  with  the  top  of  the  dynamite.  For 
if  the  cap  is  buried  deeper,  the  explosive  is  liable  to  become  ignited 
from  the  side  spitting  of  the  fuse  before  it  is  properly  exploded 
by  the  detonator,  a  result  that  not  only  destroys  the  efficiency  of  the 
explosive,  but  causes  a  larger  amount  of  gases,  especially  those  most 
dangerous  to  the  men  who  must  breathe  them.  It  is  also  important  to 
use  a  detonator  of  sufficient  strength.  Although  3X  blasting  caps  were 
considered  strong  enough  for  "  straight "  nitroglycerin  dynamite,  the 
less  sensitive  gelatin  dynamite  requires  a  much  stronger  detonator  to 
explode  it  properly.  For  this  reason  nothing  weaker  than  5X  caps 
should  ever  be  used  with  gelatin  dynamite,  and  the  universal  expe- 
rience is  that  better  results  have  been  obtained  when  a  change  has 
been  made  to  even  stronger  detonators.  These  insure  the  complete 
detonation  of  the  explosive  and  thus  produce  only  a  minimum  amount 
of  dangerous  gases. 

It  is  very  difficult  to  count  the  explosions  during  blasting  and 
be  sure  that  the  charges  have  all  been  detonated,  so  it  is  not  always 
possible  to  determine  whether  there  has  been  a  misfire.  For  this 
reason  the  face,  or  as  much  of  it  as  is  not  covered  by  the  debris  re- 
sulting from  the  blast,  should  be  inspected  for  evidences  of  missed 
holes,  and  it  should  be  carefully  watched  during  the  removal  of 
the  muck.  If  a  missed  hole  is  discovered,  under  no  circumstances 
should  an  attempt  be  made  to  pick  out  the  material.  If  no  tamping 
has  been  used,  a  stick  of  dynamite  containing  a  detonator  should 
be  inserted  in  the  hole  and  exploded.  If  tamping  has  been  em- 
ployed, another  hole  should  be  drilled  and  blasted  at  least  2  feet 
from  the  missed  one.  In  picking  down  the  muck  pile  the  pick  should 
be  handled  as  if  it  were  a  hoe  and  not  like  a  sledge  hammer;  that  is, 
the  material  should  be  pulled  or  scraped  down  and  never  struck 
violently  with  the  point  of  the  pick.  In  this  way,  should  there 
happen  to  be  a  piece  of  unexploded  dynamite  in  the  debris,  there  is 
much  less  danger  of  its  exploding.  The  importance  of  this  precau- 
tion can  not  be  too  strongly  emphasized.  Should  a  piece  of  dynamite 
be  discovered  in  the  muck,  it  should  be  removed  carefully  and 
handed  to  the  foreman  who  should  at  once  take  it  to  a  safe  place, 
and  extreme  care  should  be  used  if  a  piece  of  fuse  accompanies  it 
or  is  discovered  near  it,  for  this  would  indicate  that  an  unexploded 
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detonator  may  possibly  still  be  inside  of  the  stick  of  dynamite,  the 
danger  of  which  is  obvious.  Under  no  circumstances  should  a  new 
h(de  be  started  in  the  renmants  of  a  hole  that  has  ever  held  dyna- 
mite; for  although  the  inference  is  always,  of  course,  that  the  dyna- 
mite has  been  detonated,  still  there  remains  a  chance  that  detonation 
has  not  occurred — ^a  chance  not  as  slight  as  ordinarily  might  be 
supposed,  to  judge  from  the  number  of  accidents  traceable  to  this 
soiuxe.  And  even  if  a  rod  be  used  to  test  the  hole,  it  might  en- 
counter a  small  obstruction  and  by  thus  seeming  to  show  the  bottom 
of  the  hole  fail  to  reveal  the  dynamite  beneath. 

GASES  FROM  EXPLOSIVES. 

Poisoning  from  the  gases  produced  by  explosives  is  common  in 
tunnel  work.  The  ailment  is  familiar  to  most  miners;  in  its  mild 
form  it  is  usually  called  "  powder  headache  "  and  produces  little  more 
than  temporary  inconvenience,  but  in  severe  cases  it  has  been  known 
to  produce  death  within  a  very  short  time.  In  the  section  on  blast- 
ing it  is  explained  that  the  harmful  gases  resulting  from  the  com- 
plete detonation  of  dynamite  under  normal  conditions  are  usually 
carbon  dioxide  and  carbon  monoxide;  that  although  carbon  dioxide 
will  not  support  respiration,  and  when  present  in  sufficient  quantities 
may  cause  unconsciousness  and  even  death,  it  has  no  very  injurious 
effects  when  sufficiently  diluted;  that  carbon  monoxide  is  exceedingly 
dangerous  and  even  small  amounts  of  it  may  prove  fatal  if  breathed 
for  a  sufficient  length  of  time.  This  gas  probably  causes  the  familiar 
symptoms  after  a  dose  of  "powder  smoke."  By  reference  to  the 
table  on  page  153,  it  will  be  seen  that  gelatin  dynamite,  the  explosive 
almost  universally  used  in  tunnel  work,  under  proper  conditions 
generates  comparatively  little  of  the  more  dangerous  gas.  Experi- 
ments conducted  by  the  Bureau  of  Mines*  indicate  that  even  this 
can  be  obviated  by  a  slight  modification  in  the  chemical  composition 
of  the  gelatin  dynamite.  But  when  even  such  a  dynamite  is  not  com- 
pletely detonated  (either  through  the  use  of  too  weak  a  detonator  or 
any  other  cause),  and  especially  when  it  bums  rather  than  explodes, 
a  much  greater  volume  of  monoxide  is  formed,  and  in  addition 
there  are  a  number  of  other  harmful  gases  developed,  including  the 
dangerous  peroxide  of  nitrogen.  It  is  therefore  essential  that  the 
detonators  employed  be  strong  enough  to  explode  the  dynamite  com- 
pletely, and  that  every  precaution  be  taken  to  prevent  the  dynamite 
from  taking  fire  through  the  side  spitting  of  the  fuse  or  in  any  other 
manner. 

•  Hall,  Clarence,  and  Howell,  8.  P..  The  selection  of  exploslTes  used  In  engineering  and 
DUniBg  operatlofia :  Bull.  48,  Burean  of  Mines,  1913,  50  pp.,  3  pis.,  7  flgs. 
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The  deadliness  of  the  gases  resulting  from  explosives  improperly 
detonated  may  be  illustrated  by  describing  an  accident  that  is  known 
to  have  cost  9  lives.  A  study  of  the  attendant  circumstances,  as  de- 
scribed to  the  writers,  indicates  that  the  explosive,  or  at  least  a  lai^ 
part  of  it,  must  have  burned  rather  than  detonated.  Gelatin  dyna- 
mite was  employed  and  the  charge  was  even  smaller  than  previous 
blasts  of  which  the  men  had  inhaled  the  fumes  without  serious  effects, 
but  in  this  case  the  fumes  are  described  by  the  men  as  being  brown- 
ish yellow  rather  than  the  usual  grayish  or  bluish  white.  After 
igniting  the  blast  the  men  retired  about  500  feet  to  wait  for  the  smoke 
to  clear,  and  while  they  were  waiting  the  smoke  drifted  slowly  over 
them  and  then,  owing  to  some  change  in  the  current,  drifted  slowly 
back  again.  The  men  soon  felt  the  usual  symptoms  of  carbon  mo- 
noxide poisoning — slight  choking,  nausea,  profuse  perspiration,  and 
headache — ^but  they  all  revived  upon  reaching  the  open  air  about  an 
hour  and  a  half  after  the  blast  was  fired.  Within  a  short  time,  how- 
ever (and  in  one  case  before  the  man  could  walk  to  the  bunk  house), 
the  men  began  to  cough  up  bloody  mucus  and  to  exhibit  other  symp- 
toms of  nitrogen  peroxide  poisoning,  and  in  less  than  three  days  9  of 
the  13  men  who  had  been  in  the  tunnel  and  exposed  to  the  fumes  had 
died.  The  4  who  escaped  were  either  not  exposed  to  the  gas  for 
the  full  time,  or  else  found  some  other  source  of  air  supply  which 
served  partly  to  dilute  the  gases;  but  some  of  these  men  as  well  as 
those  who  went  in  with  the  motor  to  bring  the  men  out  were  ill  for 
days  and  even  months  after  the  catastrophe.* 

It  is  the  opinion  of  physicians  who  have  studied  the  matter  that 
many  swift  deaths  among  miners,  formerly  diagnosed  as  pneumonia, 
may  really  have  been  caused  by  the  inhalation  of  gases  from  burn- 
ing dynamite. 

GASES   FROM   OTHER   SOURCES. 

Although  any  carbon  monoxide  encountered  in  tunnel  work  is 
liable  to  be  a  result  of  the  use  of  the  dynamite,  there  have  been  cases 
where  this  dangerous  gas  has  been  generated  by  the  combustion  of 
oil  and  grease  in  the  air  receiver  and  transmitted  to  the  heading  by 
the  compressed-air  pipe.  The  causes  of  such  combustion  are  fully 
discussed  in  the  section  on  air  compressors,  but  mention  is  here 
made  that  the  ignition  of  accumulated  oil  and  grease  is  generally 
due  to  faulty  valves  in  the  compressor.  These  permit  warm  com- 
pressed air  to  leak  back  into  the  cylinder ;  this  air  upon  being  recom- 
pressed  becomes  still  hotter,  so  that  after  a  time  the  temperature  of 

•  A  fall  dtacusslon  of  the  customary  Bymptoms  that  accompany  poif^oniDg  from  nitrosen 
peroxide  and  carbon  monoxide  and  their  comparison  with  the  symptoms  exhibited  by  the 
men  is  contained  in  the  April,  1011,  number  of  Colorado  Medicine:  "An  Unasnal  Powdw* 
Smoke  Fatality,"  by  Carl  Johnson. 
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the  air  in  the  receiver  may  be  far  higher  than  the  ignition  point  of 
the  lubricant  employed.  If  an  explosion  does  not  then  ensue,  the 
oil  on  the  sides  and  bottom  of  the  receiver  will  bum  and  produce 
carbon  dioxide  or  carbon  monoxide,  either  of  which  jeopardizes  the 
safety  of  the  miner  in  the  heading.  It  is  therefore  necessary  to 
inspect  the  valves  of  the  compressor  regularly ;  moreover,  dependence 
diould  never  be  placed  on  the  compressed-air  line  for  tunnel  venti- 
lation. 

There  are  several  tunnels  in  which  bodies  of  gas  have  been  en- 
countered, the  gases  most  frequently  found  being  carbon  dioxide  and 
hydrocarbon  gases.  The  former  is,  of  course,  chiefly  dangerous  be- 
cause of  the  possibility  of  the  men  being  suffocated,  but  this  can 
be  largely  obviated  by  proper  ventilation.  In  one  of  the  tunnels 
of  the  Los  Angeles  aqueduct,  flows  of  carbon  dioxide  were  encoun- 
tered in  a  series  of  crevices  across  a  zone  about  150  feet  wide.  In 
order  to  make  it  possible  for  the  men  to  work  in  the  tunnel  this  zone, 
including  300  feet  on  either  side,  was  tightly  sealed  with  concrete ;  in 
addition  it  was  found  necessary  to  leave  in  the  center  of  the  gas  zone 
back  of  the  concrete  an  annular  space  to  which  an  exhaust  "  blower  " 
was  connected  that  constantly  drew  off  the  gas  during  the  driving 
of  the  tunnel,  while  an  additional  blower  forced  fresh  air  in  to  the 
men.  If  either  of  these  machines  stopped  the  men  had  to  get  out 
of  the  tunnel  as  fast  as  possible,  but  as  long  as  the  machines  kept 
running  the  air  was  sufficiently  pure. 

The  chief  danger  from  hydromrbon  gases  lies  in  their  explosi- 
bility,  but  they  are  so  commonly  encountered  in  coal  mining  that  pre- 
cautions to  be  taken  in  their  presence  are  fairly  well  known.  IIow- 
erer,  a  rather  unique  although  highly  dangerous  method  of  dealing 
with  them  was  employed  in  one  of  the  tunnels  examined  by  the 
writers,  and  is  well  worth  describing. 

The  gas  was  encountered  in  a  zone  approximately  2,300  feet  in 
extent,  through  about  500  feet  of  which  oil  could  be  distilled  from 
the  rocks,  although  there  was  no  seepage.  The  gas  was  highly  ex- 
plosive, and  had  an  odor  of  kerosene  or  gasoline  rather  than  of  crude 
petroleum.  The  largest  quantities  of  it  came  into  the  tunnel  im- 
mediately after  blasting,  and  the  maximum  accumulation  was  ap- 
proximately 30,000  cubic  feet.  There  did  not  appear  to  have  been 
any  particular  seepages  in  the  gaseous  zone,  but  rather  there  was 
always  an  unknown  quantity  ahead  of  the  work.  As  the  gas  was 
highly  explosive  extra  precautions  had  to  be  taken  for  the  safety 
of  the  men  at  work.  The  mere  requirement  of  safety  lamps  in  the 
tunnel  was  not  considered  sufficient,  because  the  very  nature  of  <"he 
rock  was  such  as  to  cause  dangerous  sparks  from  a  pick  or  from  the 
starting  of  a  drill  hole,  which  it  was  thought  would  be  sufficient  to 
ignite  the  gas  and  produce  an  explosion.    The  expedient  adopted 
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was  to  explode  the  accumulation  after  each  blast  and  to  bum-  any 
new  gas  as  fast  as  it  appeared  in  the  tunnel  during  the  remainder 
of  the  work. 

For  this  purpose  the  tunnel  was  wired  from  the  portal  to  the 
heading  with  a  550-volt  circuit,  into  which  there  were  introduced  at 
intervals  of  about  200  feet  throughout  the  entire  gas-bearing  section 
a  number  of  arcing  devices.  Any  ordinary  street  arc  lamp  could  have 
been  adapted  for  this  work,  provided  that  the  carbons  were  not 
exposed  for  more  than  2  inches;  otherwise  the  concussion  from  ordi- 
nary blasting,  as  well  as  from  the  gas  explosions,  would  have  broken 
them.  The  use  of  one  soft  and  one  hard  carbon  was  found  to  give 
the  best  results.    The  system  was  operated  as  follows : 

Immediately  after  blasting,  a  fire  boss  and  his  helper  took  charge 
of  the  tunnel.  After  waiting  30  minutes  after  the  blast  had  been  fired 
they  turned  a  current  of  electricity  through  the  arc  line  by  means  of 
a  switch  at  the  portal.  The  arcs  were  purposely  placed  in  series  in 
order  to  make  certain  that  if  any  one  of  them  burned  they  would  all 
burn ;  an  ammeter  was  placed  at  the  control  switch  to  show  whether 
they  had  lighted.  If  the  arcs  did  light,  an  explosion  generally  ensued, 
sometimes  a  severe  one.  But  whether  or  not  there  was  an  explosion 
the  switch  was  always  opened  for  15  minutes  and  then  closed  a  second 
time  as  an  edded  precaution,  although  a  second  explosion  never 
resulted.  When  the  line  was  dead  once  more  two  men  carrying  safety 
lamps  proceeded  to  a  protected  station  approximately  halfway  to  the 
heading,  where  they  again  sent  a  current  through  the  arcs.  A  few 
explosions  resulted  from  this  practice,  but  they  were  unusual  rather 
than  customary.  After  having  made  this  test  the  fire  boss  and  his 
helper  proceeded  to  the  heading,  testing  the  entire  tunnel  for  gas 
by  means  of  the  safety  lamps  they  carried.  They  would  ordinarily 
find  in  the  heading  an  accumulation  of  gas  extending  back  a  distance 
of  125  to  150  feet,  because  the  nearest  arc  could  not  be  placed  much 
nearer  to  the  heading  than  150  feet  on  account  of  the  danger  of  the 
carbons  being  broken  by  the  concussion  from  the  blasting.  The  fire 
boss  would  then  take  an  arc  kept  150  feet  from  the  face  and  attached 
to  the  circuit  by  an  armored  cable  and  place  it  over  the  muck  pile ;  the 
two  men  would  return  again  to  the  midway  station  and  once  more 
close  the  circuit  and  ignite  the  remaining  gas.  Then,  and  then  only, 
with  all  the  arcs  burning,  they  would  return  to  the  heading  and  place 
torches  as  near  the  roof  as  possible  at  intervals  of  about  150  feet 
throughout  the  gaseous  section.  The  torches  were  lighted  from  the 
arcs,  and  the  men  were  not  permitted  to  light  them  in  any  other  way, 
or,  indeed,  to  carry  into  the  tunnel  any  other  means  of  lighting  them. 
By  this  time  all  the  seepages  that  were  strong  enough  to  support  a 
steady  flame  would  have  been  lighted  and  would  be  burning,  and  the 
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gas  that  came  fFom  pockets  that  could  not  sustain  a  flame  would  be 
ignited  by  the  torches  before  it  could  accumulate  in  any  quantity. 

The  fire  crew  then  returned  to  the  mid-station,  where  they  extin- 
guished a  red  light  and  lighted  a  white  one,  indicating  that  the 
taimel  was  safe  for  the  incoming  crew,  for  no  one  but  these  two 
men  were  allowed  in  the  tunnel  beyond  this  point  unless  the  red 
light  was  out  and  a  particular  white  one  burning,  in  order  to  obviate 
danger  through  any  accidental  extinguishing  of  the  red  light  without 
the  knowledge  of  the  fire  crew  and  before  the  tunnel  was  safe.  The 
fire  crew  was  allowed  four  hours  for  this  work,  although  ordinarily 
that  length  of  time  was  not  required. 

The  working  crew  upon  reaching  the  heading  ordinarily  found  the 
muck  pile  too  hot  to  be  handled,  if,  indeed,  it  was  not  actually  in 
flames,  for  it  burned  usually  for  one-half  to  two  hours  after  each 
blast,  and  once  at  least  it  burned  for  14  hours.  After  it  had  been 
cooled  sufficiently  by  streams  of  both  air  and  water,  the  machines 
were  set  up  and  the  round  of  holes  drilled  in  the  regular  manner. 
Any  gas  that  developed  during  the  drilling  of  a  hole  was  lighted 
as  soon  as  the  hole  had  been  completed,  and  if  sufficiently  strong  to 
support  a  flame  it  would  bum  until  the  end  of  the  shift.  At  one  time 
as  many  as  6  out  of  8  holes  on  the  top  round  were  burning  like  blow- 
torches, giving  flames  6  to  18  inches  in  length.  When  the  round  had 
been  finished  the  holes  had  to  be  cooled  before  loading.  This  was 
accomplished  by  turning  water  and  air  lines  through  ordinary  blow- 
pipes, both  into  the  holes  and  over  the  face  of  the  tunnel.  The  flames 
were,  of  course,  extinguished  by  this  process,  and  as  soon  as  the  gas 
had  accumulated  in  the  tunnel  sufficiently  to  become  apparent  in  a 
safety  lamp  placed  near  the  roof  about  30  feet  from  the  heading,  it 
was  ignited  by  a  torch  and  the  resulting  flames  were  at  once  put  out 
again  by  air  and  water.  This  process  was  continued  until  the  holes 
were  c6ol,  when  they  were  at  once  loaded  as  rapidly  as  possible  and 
fired,  the  fuses  being  always  lighted  from  near  the  bottom  of  the 
tunnel. 

Although  the  fact  that  there  were  no  accidents  in  driving  through 
the  gas-bearing  zone  after  the  installation  of  the  "  safety  arcs  "  shows 
that  this  system  was  efficacious  in  this  particular  instance,  it  is  not 
one  that  can  be  reconmiended  unqualifiedly  for  general  use.  In  the 
opinion  of  engineers  who  have  made  a  special  study  of  the  question 
of  safety  in  mining,  the  use  of  anything  but  safety  lamps  or  their 
equivalent  in  mines  or  tunnels  where  explosive  gases  are  known  to 
exist  is  never  without  risk,  whereas  the  practice  of  burning  the  gases 
as  fast  as  they  make  their  appearance  is  in  itself  extremely  hazard- 
ous. Indeed,  the  fact  that  no  disastrous  explosion  occurred  under 
this  system  seemed  to  them  remarkable.  Moreover,  it  is  obvious  that 
long  delays  were  necessary  before  the  men  could  start  to  work,  and 
17164'— Bon.  57—14 3 
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even  after  they  had  reached  the  heading  the  heat  must  have  greatly 
decreased  their  possible  efficiency.  A  less  dangerous  method  of  han- 
dling the  gas,  and  one  that  would  probably  prove  more  economical 
in  the  end,  would  be  the  installation  of  a  ventilating  system  large 
enough  to  dilute  to  harmlessness  several  times  the  amount  of  gases 
ordinarily  encountered.  Safety  lamps  only  should  be  allowed  in 
the  tunnel  and  all  blasts  should  be  fired  by  electricity. 

HAUIjAGE. 

A  large  proportion  of  the  injuries  attributed  to  tramming  is  caused 
by  the  practice  of  riding  on  the  cars,  especially  loaded  ones.  When 
riding  on  the  top  of  a  full  trip,  a  man  is  always  in  danger  of  a 
serious  injury  at  every  low  place  in  the  roof,  and  if  he  is  riding 
between  the  cars  (or  any  place  but  the  rear  end),  he  is  liable  to  be 
jarred  from  his  foothold  and  dragged  under  the  cars,  and  in  case  of 
derailment  he  has  little  chance  of  escape.  The  risk  of  derailment  is 
unavoidable  in  tunnel  work,  partly  because  of  the  insufficient  illumi- 
nation under  which  tramming  is  generally  carried  on,  and  partly 
because  of  the  difficulty  of  keeping  the  roadbed  in  good  condition 
or  the  track  clear  of  small  obstructions.  Even  when  riding  on 
empty  cars  there  is  serious  risk  whenever  the  miner  sits  on  the 
ends  or  sides  and  allows  his  feet  to  hang  over;  the  safest  way  is  to 
sit  inside  of  the  car  and  to  crouch  low  enough  to  avoid  being  struck 
by  any  jutting  place  in  the  roof.  The  arms  and  hands  should  be 
kept  inside  of  the  car  to  avoid  the  possibility  of  being  caught  be- 
tween the  car  and  the  wall  at  a  tight  place.  The  driver  or  "  mule 
skinner"  is  usually  compelled  to  ride  on  a  loaded  trip  and  some- 
times at  the  front  end  of  the  train  in  order  to  be  near  the  animal 
he  is  driving;  the  extra  hazard  of  this  position  should  be  fully 
realized  and  extra  precautions  taken.  The  dangerous  practice  ob- 
served on  the  part  of  some  drivers,  of  riding  with  one  foot  on  the 
bumper  and  the  other  on  the  chain  by  which  the  mule  pulls  the 
trip,  is  very  obvious  and  can  not  be  too  strongly  condemned.  This 
act  should  be  made  sufficient  cause  for  instant  dismissal.  It  ought 
not  to  be  necessary  to  mention  the  danger  of  attempting  to  jump 
on  or  off  a  moving  trip  of  cars,  because  the  chances  in  such  a  case 
of  a  man  missing  his  footing  and  being  caught  or  dragged  under 
the  cars,  or  of  breaking  an  ankle  or  leg  in  the  uncertain  light,  should 
be  so  clearly  seen  that  no  one  ought  to  consider  the  risk  worth  tak- 
ing; but  the  number  of  injuries  arising  from  this  cause  shows  only 
too  well  that  this  precaution  is  habitually  disregarded. 

Great  care  is  necessary  during  the  operation  of  placing  a  derailed 
car  back  upon  the  track.  It  is  very  easy  for  a  miner  to  strain  or 
otherwise  injure  himself  if  he  attempts  to  do  this  without  getting 
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some  one  to  assist  him.  Also  in  handliag  a  derailed  car  that  is  full 
of  rock  there  is  danger  of  the  block  or  crowbar  slipping  and  allowing 
the  car  to  drop  suddenly  on  the  miner's  foot  or  hand,  if  indeed  it 
does  not  topple  over  completely  and  crush  him  against  the  side  of 
the  tunnel. 

Failure  to  allow  sufficient  room  to  a  passing  trip  of  cars  is  also 
a  frequent  source  of  injury.  Before  going  into  a  strange  tunnel 
the  miner,  if  he  is  not  accompanied  by  some  one  familiar  with  the 
tunnel,  should  always  ascertain  upon  which  side  of  the  track  there 
is  the  most  room,  and  in  meeting  a  passing  trip  should  always  give 
the  animal  pidling  it  all  the  space  possible,  so  as  to  avoid  being 
tramped  on  or  kicked,  or  being  caught  between  the  cars  and  the 
walls  of  the  tunnel.  It  is  also  advisable  to  hide  any  light  when 
meeting  a  horse  or  mule,  for  there  are  some  animals  that  are  especi- 
ally afraid  of  the  high-powered  acetylene  lamps  that  are  coming  to 
be  used  almost  entirely  in  tunnel  work.  If  the  animal  balks  when 
coming  toward  a  light  a  serious  mixup  may  occur,  as  the  cars  behind 
can  not  always  be  stopped  at  once.  In  a  tunnel,  as  on  the  surface, 
attention  should  always  be  given  the  heels  of  animals  whether  mov- 
ing or  at  rest,  and  it  is  best  to  speak  to  animals  when  approaching 
them  from  behind,  for  many  serious  injuries  have  been  caused  by 
passing  too  close  to  nervous  animals  without  warning.  When  turn- 
ing a  horse  or  mule  around  in  a  heading,  the  driver  should  watch 
carefully  to  see  that  he  is  not  stepped  on;  inane  as  this  advice 
sounds,  many  really  serious  accidents  have  resulted  from  just  this 
simple  cause. 

ELECTRicrrr. 

An  examination  of  reports  of  electrical  accidents  in  tunnel  work 
shows  that  in  most  cases  the  shocks  were  caused  by  the  trolley  wire. 
This  is  not  surprising  when  one  considers  the  many  factors  that 
raiite  to  make  an  electrically  charged  wire  especially  dangerous 
underground.  The  earth  is  almost  always  used  to  complete  the  return 
cireuit  and,  therefore,  if  the  miner  inadvertently  touches  any  part  of 
an  electrical  apparatus  that  is  charged  with  current,  and  if  he  is  not 
well  insulated  from  the  ground,  he  will  certainly  get  a  shock,  the  in- 
tensity of  which  will  depend  on  the  voltage  or  pressure  of  the  electric 
current  and  the  incompleteness  of  his  insulation  from  the  earth. 
Some  trolley  wires  carrying  a  current  as  high  as  600  volts  have  no 
insulating  or  protecting  covering  whatsoever  and  most  of  them  are 
without  a  guard  or  shield  of  any  sort,  although  they  are  sometimes 
placed  less  than  a  man's  height  from  the  floor  and  directly  over  the 
rail.  Then,  too,  tunnels  are  generally  damp  or  wet,  so  that  a  man  is 
rarely  well  insulated  from  the  ground.    As  the  light  at  best  is  poor, 
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one  can  not  always  see  the  wire  as  he  approaches  it,  and  the  space  is 
so  restricted  that  a  man  walking  in  the  tunnel  must  keep  his  head 
close  to  the  wire  when  at  the  same  time  the  most  of  his  attention  must 
needs  be  given  to  his  footing.  Moreover,  in  climbing  into  or  riding 
in  the  cars,  most  of  which  in  tunnel  work  are  of  metal  and  furnish 
excellent  electrical  connection  with  the  rails,  one's  head  must  pass 
close  to  the  live  wire.  The  carrying  of  metal  tools,  such  as  crowbars 
or  drill  steel,  also  picks  and  shovels  with  wet  wooden  handles,  is  also 
the  cause  of  many  shocks  through  their  accidental  contact  with  the 
trolley,  especially  if  such  tools  are  carried  on  the  shoulder.  It  is 
therefore  important,  when  walking  in  a  tunnel  where  a  trolley  wire 
is  installed,  constantly  to  bear  its  existence  in  mind  and  take  every 
precaution  to  avoid  contact  with  it  either  by  hand,  wet  clothing,  or 
tools. 

In  addition  to  the  trolley  wire  there  are  in  tunnel  work  other 
sources  from  which  electrical  shocks  may  be  received.  Wherever  the 
heading  is  illuminated  by  electricity,  the  lights  are  usually  grouped 
in  a  cluster  and  connected  to  the  main  circuit  by  means  of  a  flexible 
cable,  so  that  they  can  be  removed  easily  to  prevent  breakage  during 
blasting.  The  wires  of  the  cable  are,  of  course,  insulated,  but  owing 
to  rough  usage  the  insulation  is  often  damaged  or  scraped  off,  leav- 
ing the  bare  wire  exposed.  Even  a  slight  damage  of  the  insulation 
is  often  sufficient  to  permit  a  considerable  leakage  of  current  from 
which  a  person  handling  the  cable  may  receive  a  severe  shock.  Such 
wires  are  the  more  dangerous  because,  supposing  them  to  be  pro- 
tected, one  is  more  apt  to  handle  them  carelessly.  The  men  who 
remove  these  wires  preparatory  to  blasting  and  afterwards  replace 
them  or  otherwise  adjust  them  should  examine  them  closely  and  not 
touch  any  place  where  the  insulation  has  become  damaged. 

Shocks  are  also  caused  by  motors,  transformers,  or  other  pieces  of 
electrical  equipment  that  are  supposed  to  be  safe  but  have  accidentally 
become  charged,  and  by  switches  and  other  similar  devices  during 
adjustment  or  repair.  In  handling  apparatus  of  this  sort  a  workman 
should  carefully  insulate  or  otherwise  protect  himself  from  the  current 
and  should  try  to  handle  the  apparatus  in  such  a  manner  that  any  in- 
voluntary muscular  reaction  from  a  shock  will  throw  him  clear  of  its 
live  parts,  rather  than  bring  him  more  closely  in  contact  with  them. 
Although  electric  locomotives  are  usually  in  such  perfect  contact 
with  the  rails  that  a  person  touching  any  charged  part  of  the  frame 
will  rarely  receive  a  shock,  there  are  times  (as,  for  example,  when 
there  is  a  considerable  amount  of  dirt  or  sand  on  the  rails)  wh«ri 
the  locomotive  is  almost  completely  insulated  from  them;  in  such  a 
case  anyone  coming  in  contact  with  a  live  part  of  the  frame  or  of 
the  dfawbar,  or  even  with  one  of  the  cars  coupled  to  the  locomotive, 
may  receive  a  severe  shock,  which  is  apt  to  be  all  the  more  serious  be- 
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cause  it  is  unexpected.    For  this  reason  the  touching  of  such  equip- 
ment should  be  avoided  unless  actually  necessary. 

Mention  should  be  made  here  of  the  immediate  steps  to  be  taken 
in  case  a  man  has  received  a  severe  electric  shock  and  is  perhaps  lying 
unconscious  and  seemingly  dead,  for  it  is  often  possible  by  prompt 
treatment  to  revive  and  restore  a  man  in  this  condition  who  might 
otherwise  fail  to  recover  consciousness.  Methods  recommended  by 
the  bureau  are  described  in  Miners'  Circular  5.« 

FIBE. 

The  chief  danger  frwn  fire  to  the  men  in  a  tunnel  is  the  possibility 
of  the  buildings  at  the  surface  becoming  ignited.  These  structures 
are,  of  course,  subject  to  the  same  causes  of  fire  as  ordinary  buildings, 
such  as  the  careless  handling  of  matches  or  lights,  spontaneous  com- 
bustion of  oily  waste  wherever  it  is  allowed  to  accumulate,  or  the 
d}ort-<;ircuiting  of  electric  wires,  not  to  mention  the  risk  of  forest  fires 
in  heavily  timbered  regions.  At  a  large  majority  of  tunnels  now  being 
driven  the  blacksmith  shop,  the  storeroom,  the  boiler  house,  and 
other  buildings  are  situated  much  closer  than  the  200  feet  that  should 
separate  them  from  the  tunnel  portal,  and  in  many  districts,  espe- 
cially where  the  winter  snowfall  is  heavy,  they  are  directly  connected 
with  the  tunnel  by  snowsheds  constructed  of  wood.  At  such  tunnels, 
alsO)  means  of  exit  other  than  the  portal  are  seldom  provided,  so 
that  in  case  of  fire  in  these  buildings  men  are  penned  up  in  the  tunnel 
and,  in  the  customary  absence  of  a  fire  door,  are  in  serious  danger 
of  suffocation  from  the  gases  and  smoke  produced  by  the  confla- 
gration. It  is  therefore  essential,  and  in  some  States  it  is  required  by 
law,  that  in  all  tunnels  where  combustible  structures  must  be  erected 
nearer  to  the  portal  than  200  feet  there  should  be  a  separate  exit  at 
least  200  feet  away,  and  that  a  fireproof  door  that  can  be  closed  from 
a  distance  should  also  be  provided.  A  sufficient  water  supply  should 
always  be  maintained  to  put  out  a  fire,  and  hydrants  with  a  coiled 
l^inch  hose  and  a  nozzle  should  be  placed  not  less  than  40  feet  and 
not  more  than  100  feet  from  each  building  or  group  of  buildings. 

Most  tunnels,  except  where  timbered,  are  practically  fireproof, 
and  hence  underground  fires  are  not  common  in  tunnel  work.  It 
is  nevertheless  important  to  guard  against  the  dangers  of  under- 
ground fire.  Whenever  such  fires  do  occur  they  usually  start  in 
some  small  way,  either  from  candles  or  lamps  being  placed  too  near 
the  posts  or  caps  of  a  timber  set,  or  from  a  match  or  the  coals 
frcm  a  pipe  thrown  into  a  pile  of  rubbish,  hay  or  other  com- 
bustible material  that  may  in  turn  ignite  the  timbering.  Although 
inich  fires  can  usually  be  extinguished  before  any  great  damage  has 
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resulted,  provided  their  presence  is  discovered  soon  enough  and  there 
are  means  at  hand  to  extinguish  them,  it  is  much  better  to  pre- 
vent the  ignition  by  obviating  causes.  Therefore,  combustible  rub- 
bish should  not  be  allowed  to  accumulate  in  the  tunnel,  and  any 
supply  of  hay  for  the  use  of  the  mules  or  horses  underground  should 
be  carefully  stored  in  a  shed  provided  for  that  purpose,  and  open 
lights  or  smoking  should  not  be  permitted  in  its  neighborhood. 
Candles  or  torches  should  never  be  left  burning  near  timbers,  and 
the  practice  of  wedging  a  lighted  candle  between  two  nails  driven 
into  a  post  should  be  sufficient  cause  for  the  instant  dismissal  of  the 
guilty  person. 

WATER. 

Water  under  pressure  is  another  source  of  danger  in  tunnel  work. 
Men  may  be  hurt  in  jumping  back  to  avoid  the  rocks  and  other 
debris  often  carried  with  it,  or  perhaps  buried  under  an  accom- 
panying rush  of  mud  and  sand.  A  good  example  of  this  may  be 
found  in  the  records  of  a  foreign  railway  tunnel,  where  a  cleft  filled 
with  water,  sand,  and  gravel  was  encountered  and  the  ensuing  sud- 
den and  violent  inburst  filled  up  more  than  a  mile  of  the  tunnel  in 
a  very  few  minutes,  burying  25  workmen  beyond  all  hope  of  recovery. 
A  somewhat  similar  occurrence  in  one  of  our  American  tunnels  was 
likewise  due  to  water.  The  tunnel  caved  in  at  a  point  about  4,000 
feet  from  the  heading,  but  the  men  working  there  were  warned  in 
time  to  escape,  although  they  had  barely  reached  safety  before  the 
tunnel  became  entirely  closed.  When  this  happened  the  mass  of 
muck,  composed  chiefly  of  soft  clay  and  running  shale  impervious  to 
water,  formed  a  dam  that  cut  oflf  from  the  main  part  of  the  tunnel 
the  flow  of  approximately  2,700  gallons  per  minute.  As  soon  as  the 
part  of  the  tunnel  between  the  cave  and  the  heading  became  filled 
with  water,  the  full  pressure  of  the  head  in  the  mountain  over  the 
tunnel  was  exerted  against  the  dam,  forcing  it  down  the  tunnel  until 
the  pressure  was  relieved.  The  additional  length  of  the  debris  then 
offered  greater  resistance,  and  it  remained  stationary  until  the  pres- 
sure had  again  accumulated  enough  to  move  it.  This  process  was  re- 
peated until  440  feet  of  tunnel  had  been  filled.  Several  attempts 
were  made  at  first  to  relieve  the  pressure  by  inserting  a  section  of 
ventilating  pipe  at  the  top  of  the  dam;  but  after  several  men  had 
narrowly  escaped  being  buried  by  the  rush  of  mud  as  the  dam  moved 
forward  this  scheme  was  abandoned  and  the  tunnel  was  sealed  up 
by  a  concrete  bulkhead,  the  men  being  protected  by  a  temporary 
bulkhead  of  wood  during  the  construction  of  the  permanent  one. 

In  driving  through  limestone  and  dolomite  it  is  not  unusual  for  a 
tunnel  heading  to  tap  immense  caves  filled  with  water,  mud,  and 
sand.    The  volume  of  the  fluid  mass  flowing  inlo  the  tunnel  is  deter- 
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mined  by  the  size  of  the  opening,  and  its  velocity  is  proportionate  to 
the  head.  Under  the  pressure  of  a  head  of  300  or  400  feet  the  cut- 
ting action  of  the  rock  particles  and  sand  carried  by  the  water  soon 
enlarges  even  a  drill  hole  to  a  size  that  permits  the  filling  up  of  the 
heading  in  an  incredibly  short  time.  When  a  round  of  shots  breaks 
into  a  cave  of  this  kind,  the  heading  and  perhaps  the  completed  tun- 
nel for  a  distance  of  hundreds  and  even  thousands  of  feet  back  from 
the  face  may  be  filled  so  fast  that  the  escape  of  the  workmen  is 
impossible  if  they  are  at  the  face.  Fortunately,  however,  during 
shot  firing,  the  time  of  the  greatest  danger,  the  men  are  always  out 
of  the  heading. 

When  an  underground  cave  or  reservoir  filled  with  water,  mud, 
sand,  and  loose  rock  is  tapped  in  a  tunnel  heading,  one  of  two  things 
occurs ;  generally  the  cave  or  reservoir  empties  itself  completely  into 
the  tunnel  and,  after  the  flow  is  over,  the  solid  matter  that  the  flood 
leaves  behind  can  easily  be  shoveled  up  and  hauled  out.  Sometimes, 
however,  the  volume  of  solids  is  so  great  that  the  tunnel  is  completely 
choked  before  the  reservoir  is  emptied.  In  these  cases,  when  the 
flow  of  water  ceases,  the  men  are  usually  set  to  work  cleaning  up  the 
material  with  which  the  tunnel  has  been  filled,  but  when  this  cleaning 
process  advances  sufiiciently  to  weaken  the  dam  that  holds  back  the 
flood  a  new  outburst  occurs  and,  because  the  passageways  have 
already  been  opened,  the  second  outbreak  is  often  more  violent  and 
dangerous  than  the  first.  If  this  operation  were  repeated  often 
enough,  the  cave  or  reservoir  would,  of  course,  be  drained  and  the 
heading  be  regained,  but  in  many  instances  the  operation  of  attempt- 
ing to  regain  the  heading  has  been  found  so  dangerous  that  it  has 
been  abandoned  and  a  curved  tunnel  has  been  bored  to  pass  around 
the  danger  point. 

In  the  dolomite  in  the  Cowenhoven  Tunnel,  at  Aspen,  caves  of 
this  kind  filled  with  water  and  dolomite  sand  were  frequently  encoun- 
tered. It  was  no  uncommon  thing  after  a  round  of  shots  to  have  the 
tunnel  completely  filled  for  hundreds  of  feet  back  from  the  face.  As 
soon  as  the  water  from  the  cave  that  had  been  tapped  drained  off,  the 
mud  and  sand  were  easily  loaded  and  work  in  the  face  was  resumed. 

An  immense  cave  was  tapped  by  a  drill  hole  in  a  long  crosscut  that 
was  being  driven  from  the  tunnel  to  the  Delia  S.  mine.  The  drill 
bde,  under  the  pressure  and  cutting  action  already  described,  en- 
larged so  rapidly  that  the  men  fled  from  the  face,  and  a  few  seconds 
after  the  opening  must  have  enlarged  to  a  size  that  permitted  the 
filling  of  the  tunnel  with  such  rapidity  that  the  tunnel  cars  were 
hurled  back  and  flattened  against  the  posts.  Several  unsuccessful 
attempts  were  made  to  regain  the  face,  which  finally  had  to  be  bulk- 
headed  and  the  tunnel  run  around  it,  as  at  the  Simplon  Tunnel  in 
Switzerland. 
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Numerous  caves  were  encountered  in  the  1^00-foot  level  of  the 
B'ree  Silver  mine,  which  was  also  run  through  dolomite ;  but,  fortu- 
nately, although  they  must  have  extended  to  great  heights,  their 
horizontal  cross  section  was  very  much  less  than  that  of  the  caves 
1,200  feet  above.  When  these  reservoirs  were  tapped  with  a  drill 
hole  the  water  would  spout  out  with  such  velocity  that  it  was  im- 
possible to  stay  in  the  face,  and  in  a  short  time  the  opening  would  be 
worn  to  a  size  which  sometimes  increased  the  amount  of  water  to  be 
handled  by  the  pumps  to  8,000  and  even  4,000  gallons  per  minute. 
At  first  the  noise  from  the  inrushing  volume  of  water  was  exceedingly 
terrifying  to  the  men,  but  in  a  short  time  whenever  a  cave  of  this 
kind  was  tapped  the  men  simply  joined  hands  to  assist  eadi  other 
in  maintaining  their  footing  and  waded  back  with  the  torrent  as  they 
would  do  in  crossing  an  extremely  rapid  stream.  Many  narrow 
escapes  occurred,  but,  due  to  the  pr^autions  taken  by  the  man- 
cgement  and  workmen,  no  serious  accidents  occurred  during  any  of 
these  inrushes. 

INTOXICATION. 

Although  few  accidents  in  tunnel  work  are  traced  directly  to 
intoxication  of  employees,  the  extent  to  which  it  contributes  to  many 
mishaps  that  are  attributed  to  other  causes  is  perhaps  too  little 
appreciated.  The  fact  that  a  man  who  has  put  an  ^^  enemy  into 
his  mouth  to  steal  away  his  brains ''  is  then  much  more  liable  to  be 
careless  or  negligent  of  his  own  safety  and  the  lives  of  the  men 
around  him  is  so  true  as  to  be  almost  axiomatic  Even  a  slight 
amount  of  intoxication,  which  might  be  allowable  if  the  work  was 
to  be  done  on  the  surface,  is  dangerous  under  ground,  where  it  is  very 
apt  to  be  aggravated  greatly  either  by  the  lack  of  fresh  air  or  by 
the  heat,  neither  of  which  is  unusual  in  tunnel  headings.  There- 
fore it  is  essential  tHat  a  man  in  such  a  condition  should  not  be 
permitted  under  ground  and,  if  discovered  there,  should  immediately 
be  sent  out  of  the  tunnel  by  the  foreman.  Repeated  offenses  should 
result  automatically  in  dismissal. 

FBEVENTION  OF  ACCIDEin^S. 

In  discussing  the  prevention  of  accidents  in  tunnel  work,  little  is 
to  be  gained  by  arguing  whether  the  manager,  the  foreman,  or  the 
miner  is  solely  to  blame  for  their  occurrence.  The  greater  responsi- 
bility lying,  as  ever,  with  those  who  have  the  broader  vision,  the 
manager  or  the  superintendent  is  in  duty  bound  to  see  that  the  place 
where  the  men  are  to  work  shall  be  made  as  safe  as  possible  and 
to  insist  that  they  themselves  exercise  the  greatest  care  and  caution 
in  conducting  their  work.  Upon  the  foreman  falls  the  responsibility 
of  carrying  out  the  manager's  orders,  of  seeing  that  the  men  are 
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instructed  in  the  proper  precautions  to  be  taken,  and  that  they  are 
coDstantlj  and  consistently  exercised,  and,  if  necessary,  of  discharg- 
ing either  temporarily  or  permanently  any  man  who  willfully  or 
habitually  disr^ards  them.  As  for  the  miner,  whose  business  is 
shown  by  statistics  to  be  a  hazardous  one  at  best,  it  is  only  through 
the  most  extreme  care  on  the  part  of  each  man,  not  only  for  his  own 
wel&re  but  for  the  safety  of  his  coworkers,  that  he  can  hope  to  escape 
from  the  dangers  that  surround  him.  Each  one,  therefore,  has  his 
diare  of  the  responsibility^  and  it  is  only  by  cooperation  between  all 
parties  ooncemed  that  any  progress  can  be  made  toward  the  preven- 
ti<Mi  and  reduction  of  the  fatalities  and  the  injuries  now  encountered 
m  tunnel  driving.  As  it  is  impossible  to  reiterate  too  often  the  meth- 
ods of  obviating  accidents,  the  following  paragraphs  are  addressed 
directly  to  the  parties  most  concerned,  in  the  hope  of  bringing  home 
to  them  once  more  some  of  the  more  important  preventive  measures. 

PRECAUTIONS  FDR  THE  MANAGER  OR  SUPERINTENDENT. 

Insist  that  necessary  timbering  be  done  promptly,  and  always  keep 
an  adequate  supply  of  lumber  at  hand  so  that  no  delay  may  ensue 
from  the  lack  of  it.  See  that  the  minimum  quantity  of  explosive 
is  used  (in  order  to  prevent  unnecessary  shattering  of  roof  and  walls) 
and  inaugurate  a  syst^natic  and  regular  examination  of  the  roof  to 
insure  the  timbering  of  loose  pieces  at  once.  Have  all  bent  or  break- 
ing posts  or  caps  promptly  replaced  by  new  ones. 

Provide  suitable  magazines  and  thaw  houses  for  explosives.* 

Do  not  permit  any  disregard  of  the  proper  precautions  as  to  han- 
dling, storing,  and  using  explosives,  and  see  that  each  man  is  provided 
with  a  copy  of  such  precautions.  Do  not  permit  the  transportation 
of  detonators  or  primers  to  the  heading  in  the  same  bundle  with  the 
remaining  supply  of  explosive  for  the  blast.  Have  careful  tests  of 
the  burning  rate  of  the  fuse  made  periodically,  especially  when  a 
different  brand  of  fuse  is  purchased,  and  warn  the  men  of  any  dis- 
covered irregularity.  Destroy  any  damaged  fuse  at  once.  Do  not 
store  fuse  near  any  source  of  heat.  Prohibit  the  reloading  of  a  bore 
hole  before  it  has  had  time  to  cool  from  a  previous  blast.  Give  the 
man  who  makes  the  primers  the  necessary  equipment  and  tools  and 
have  him  carefully  taught  how  to  prepare  and  waterproof  the 
primers. 

Do  not  purdiase  caps  weaker  than  5X  for  use  with  gelatin  dyna- 
mite. See  that  the  proper  precautions  are  taken  whenever  a  missed 
bole  or  evidences  of  one  are  discovered. 

'  Speciilcatlons  for  such  balldlngs  recommended  by  the  Bureau  of  Mines  are  to  be  fcund 
In  Tedmical  Paper  18  of  tbe  bureau :  Hall,  Clarence,  and  HoweU,  S.  P.,  Magasines  and 
thaw  booMS  for  ezplofllTae,  1912,  84  pp.,  1  pi.,  6  figs. 
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Institute  a  regular  and  frequent  inspection  of  the  valves  on  the 
air  compressor  and  insist  that  any  defective  valve  be  promptly  and 
properly  repaired  even  at  the  cost  of  a  possible  shutdown,  that  there 
may  be  no  explosion  of  gas  or  burning  of  grease  in  the  receiver  or 
pipe  line  to  produce  harmful  gases  and  jeopardize  the  safety  of  the 
men  at  the  heading.  Do  not  delay  the  installation  of  adequate 
auxiliary  ventilating  equipment  when  natural  accumulations  of 
harmful  gases  are  enooimtered  in  the  tunnel,  particularly  when  such 
gases  are  of  an  explosive  nature.  When  explosive  gases  are  present, 
none  but  safety  lamps  or  their  equivalent  should  be  permitted  under 
ground. 

Prohibit  the  men  from  riding  on  loaded  trips,  and,  whenever  pos- 
sible, provide  special  cars  for  their  use,  either  propelled  by  hand  or 
drawn  by  a  motor.  Do  not  permit  the  men  to  jump  on  or  off  moving 
cars,  nor  the  drivers  to  "ride  the  chain."    Tell  all  new  men  the 

S roper  side  of  the  tunnel  to  take  when  meeting  a  trip,  and  caution 
lem  to  shield  any  bright  light  when  so  doing. 

If  there  is  a  trolley  wire  or  other  electrical  apparatus  in  the 
tunnel,  caution  the  men  against  its  danger,  and  do  not  allow  them 
to  carry  tools  on  their  shoulders  when  passing  in  or  out.  See  that 
the  cable  or  wires  leading  to  any  temporary  or  movable  cluster  of 
lights  in  the  heading  is  kept  in  good  repair.  Instruct  the  men, 
especially  the  foremen,  as  to  the  proper  methods  of  resuscitation  in  a 
case  of  electric  shock. 

Prohibit  the  accumulation  of  combustible  rubbish  any  place  in  the 
vicinity  of  buildings  or  timbering  and  see  that  the  supply  of  hay  is 
properly  confined  to  prevent  danger  from  fire.  Unless  absolutely 
necessary,  do  not  construct  any  wooden  buildings  nearer  than  200 
feet  to  the  mouth  of  the  tunnel.  If  wooden  buildings  must  be  built 
near  the  mouth,  provide  a  separate  exit  from  the  tunnel  at  least  200 
feet  away,  with  a  fire  door  that  is  arranged  to  be  closed  from  a  dis- 
tance. In  either  event,  provide  an  adequate  water  supply,  with 
hydrants  and  hoses,  at  suitable  distances  from  the  several  buildings. 

Exercise  great  precaution  when  driving  toward  a  place  where  a 
flow  of  water  is  likely  to  be  encountered  that  might  carry  with  it 
a  rush  of  mud,  sand,  gravel,  or  other  debris,  and  take  immediate 
steps  for  the  safety  of  the  men  as  soon  as  such  a  flow  is  struck. 

Prohibit  the  drinking  of  intoxicating  liquors  on  property  con- 
trolled by  the  tunnel  company  and  institute  a  system  of  inspection 
to  prevent  any  intoxicated  man  from  working  in  the  tunnel,  dis- 
charging habitual  offenders  against  this  rule. 

PRECAUTIONS    FOR  THE  FOREMAN. 

Insist  ttat  the  least  amount  of  dynamite  required  for  loading  "back" 
holes  shall  be  used.     Do  not  return  to  the  face  after  blasting  nor  per- 
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mit  the  men  to  return  without  first  examining  the  new  roof.  Upon 
arriTing  at  the  heading  immediately  detail  as  many  men  as  may  be 
required  to  clean  the  roof  before  attempting  any  other  work  under  it. 
When  passing  in  or  out  of  the  tunnel  never  faU  to  inspect  the  roof, 
testing  any  doubtful  piece  for  possible  vibration.  See  that  any 
loose  piece  of  rock  is  either  pulled  down  at  once  or  properly  sup- 
ported, and  never  take  any  chances  by  postponing  the  work  of  tim- 
bering no  matter  how  pressing  other  matters  may  be,  because  a  few 
minutes'  delay  in  timbering  may  cost  several  lives.  Have  any  tim- 
bers showing  the  effects  of  too  great  pressure  relieved  properly  as 
soon  as  they  b^in  to  fail.  When  timbering  is  necessary  close  to  the 
face,  see  that  the  front  sets  are  thoroughly  braced  and  blocked  before 
firing.  When  the  roof  "breaks  high"  fill  the  space  between  the 
lagging  and  the  roof  with  broken  rock  or  blocking  to  prevent  a  large 
rock  from  crashing  through  the  lagging  upon  the  men  beneath. 

See  that  the  men  read  the  precautions  to  be  taken  in  handling 
explosives,  or  have  a  copy  read  to  them.  Do  not  permit  any  in- 
stance of  careless  or  reckless  handling  of  explosives  to  go  unchal- 
lenged and  do  not  fail  to  discharge  men  for  the  first  grave  offense  of 
this  character.  Never  permit  a  man  to  handle  dynamite  recklessly, 
either  for  the  purpose  of  scaring  someone  or  for  any  other  reason. 
See  that  the  detonators  and  primers  are  transported  to  the  heading 
in  boxes  separate  from  the  rest  of  the  supply  and  that  they  are  not 
placed  side  by  side  after  arriving.  Insist  that  proper  care  be  used 
in  loading  holes  and  that  the  tamping  be  done  by  pressure  rather 
than  by  impact.  Never  allow  anything  but  wooden  bars  to  be  used 
for  this  purpose.  Do  not  permit  a  bore  hole  to  be  loaded  before  it 
has  had  sufficient  time  to  cool  completely  from  the  previous  blast. 

Warn  the  men  of  any  change  in  the  rate  of  burning  of  fuse.  See 
that  they  do  not  mutilate  the  fuse  by  rough  handling  and  that  they 
do  not  crack  or  break  it  by  placing  the  primer  in  the  hole  fuse  end 
first,  or  by  uncoiling  the  fuse  roughly  in  cold  weather.  Do  not  use 
fuse  that  has  been  stored  or  kept  near  a  boiler,  steam  pipe,  or  other 
source  of  heat,  or  that  has  been  exposed  to  moisture.  See  that  the 
fuse  is  properly  coiled  close  to  the  hole  before  blasting,  in  order  that 
it  may  not  be  torn  out  by  the  blasts  in  a  near-by  hole.  Instruct  the 
men  as  to  the  proper  way  to  prepare  a  primer.  See  that  the  fuse  is 
cut  squarely ;  that  an  inch  or  so  of  it  is  discarded ;  that  the  grains  of 
powdet  do  not  leak  out  of  the  end  that  is  inserted  into  the  detonator; 
that  the  crimping  is  done  carefully  with  the  proper  tool;  that  the 
detonator  is  not  buried  too  deeply  in  the  dynamite;  and  that  caps 
of  sufficient  strength  are  used. 

Always  count  the  holes  as  they  are  blasted  and  never  fail  to 
inspect  the  new  face  for  evidences  of  missed  holes.  See  that  any  such 
are  detonated  properly  as  soon  as  they  are  discovered,  even  at  the 
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possible  cost  of  some  delay.  Insist  that  the  shovelers  use  their  picks 
properly  when  picking  down  the  muck  pile.  Keep  a  close  watch  for 
any  unexploded  dynamite  in  the  muck  and  have  the  men  do  likewise. 
When  such  is  found  remove  it  carefully  to  a  place  of  safety  and  be 
particularly  cautious  when  a  piece  of  fuse  accompanies  it  Never 
start  a  new  hole  in  the  remains  of  one  that  has  ever  held  dynamite. 

When  the  presence  of  any  amount  of  dangerous  gases,  either  from 
explosives  or  from  natural  sources,  is  suspected  see  that  the  men  are 
supplied  with  fresh  air,  either  by  opening  the  compressed-air  line 
or  by  breaking  into  the  ventilating  pipe,  if  the  current  is  in  the  right 
direction.  Do  not  knowingly  remain  or  permit  the  men  to  remain 
in  any  atmosphere  that  will  not  support  a  candle  flame,  because 
there  is  no  way  to  determine  how  bad  it  may  be  after  the  light 
becomes  extinguished.  See  that  the  men  do  not  use  anything  but 
safety  lamps,  or  their  equivalent,  in  tunnels  where  explosive  gases 
are  encountered,  and  do  not  permit  any  matches  or  other  means  of 
striking  an  open  light  to  be  carried  into  such  a  timnel. 

Have  the  track  and  roadbed  kept  in  as  good  condition  as  possible 
in  order  to  lessen  the  risk  of  derailments.  Do  not  permit  men  to  ride 
upon  loaded  trains  unless  it  is  absolutely  necessary,  and  in  such 
cases  warn  them  carefully  as  to  the  risk  being  taken.  Insist  that  the 
men  riding  in  an  empty  car  keep  their  feet  and  hands  inside  of  the 
car  and  that  they  watch  carefully  for  low  places  in  the  roof.  Never 
fail  to  discharge  any  driver  caught  "  riding  the  chain,"  See  that 
the  men  give  an  approaching  train  of  cars  plenty  of  room,  and  if 
animals  are  used  to  draw  the  cars  see  that  the  men  hide  their  lights 
when  the  animals  approach. 

Warn  the  men  of  the  danger  from  the  trolley  wire.  Familiarize 
yourself  with  the  proper  means  of  resuscitation  after  an  electrical 
shock.  See  that  the  men  are  not  permitted  to  carry  on  their  shoulders 
tools  or  other  instruments  that  are  conductors  of  electricity.  Inspect 
regularly  any  cables  or  wires  used  for  carrying  electricity  to  lights 
in  the  heading,  or  any  others  that  have  to  be  moved  frequently,  and 
see  that  all  worn  parts  are  covered  with  insulating  material  or 
replaced  if  necessary.  Do  not  permit  the  men  to  ride  on  electric 
locomotives. 

See  that  no  piles  of  combustible  rubbish  are  allowed  to  accumu- 
late underground,  and  do  not  permit  the  use  of  candles  or  torches 
in  the  vicinity  of  hay  or  other  inflammable  substances.  Do  not  fail 
to  discharge  any  men  guilty  of  leaving  candles  or  torches  burning 
near  timbers,  especially  when  a  candle  is  wedged  between  two  nails 
driven  into  a  post. 

Exercise  special  precautions  when  approaching  a  place  where  an 
inrush  of  water  is  to  be  expected. 
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Be  particularly  cautious  about  drunkenness.  Note  the  men  when 
coming  on  shift  and  do  not  permit  a  man  even  slightly  intoxicated 
to  gD  underground.  If  such  a  man  is  discovered  in  the  tunnel  send 
him  to  the  surface  at  once.  Discharge  those  who  are  habitual  offend- 
ers in  this  respect 

PRECAUTIONS  FOR  THE  MINER. 

Do  not  return  to  the  face  of  the  tunnel  without  testing  the  newly 
exposed  roof  for  loose  rocks,  and,  if  any  such  are  discovered,  either  . 
clean  them  down  yourself  or  report  them  to  the  foreman.  Form  the 
habit  of  carefully  examining  the  roof  as  you  pass  in  and  out  of  the 
tunnel,  testing  doubtful  places  for  vibration ;  call  the  foreman's  at- 
tention at  once  to  any  ground  that  you  think  should  be  timbered  or 
to  any  timbers  that  need  relieving  to  prevent  their  breaking. 

If  you  are  called  upon  to  use  dynamite,  do  so  with  great  care, 
observing  the  precautions  outlined  in  previous  paragraphs.  Never 
attempt  to  scare  anyone  by  reckless  handling  of  explosives  and  never 
treat  dynamite  with  roughness.  Never  place  or  carry  detonators 
or  primers  and  the  rest  of  the  supply  of  dynamite  for  the  round  in 
the  same  box  or  bundle.  If  it  is  your  duty  to  assist  in  the  loading 
of  the  holes,  do  this  with  care,  using  pressure  rather  than  a  blow 
to  tamp  the  powder  in  the  hole,  and  be  careful  never  to  use  too  much 
force  in  pushing  it. 

Inquire  as  to  the  rate  at  which  the  fuse  bums,  especially  when  a 
new  brand  is  being  tried,  and  see  that  the  fuse  is  cut  long  enough 
to  give  you  and  your  companions  time  to  reach  a  place  of  safety. 
Protect  the  fuse  from  mechanical  injury,  such  as  scraping,  blows, 
or  too  great  pressure  either  from  falling  rocks  or  from  the  tamping 
bar;  never  use  a  fuse  that  has  been  thus  damaged.  Never  reload 
a  bore  hole  before  it  has  had  time  to  cool.  Do  not  use  fuse  that 
yon  know  has  been  stored  near  a  boiler,  steam  pipes,  or  other  source 
of  heat  or  one  that  has  been  exposed  to  moisture.  If  you  prepare 
the  primer,  see  that  an  inch  or  so  is  cut  squarely  from  the  end  of 
the  fuse  before  it  is  put  into  the  detonator;  that  no  powder  runs  out 
of  the  end  of  the  fuse  during  this  process,  and  that  the  detonator  is 
properly  crimped  around  the  fuse.  Under  no  circumstances  use 
anything  but  the  regular  crimping  tool  for  this  purpose. 

Always  inspect  each  new  face  for  evidences  of  a  misfire,  and,  if 
one  is  discovered,  call  the  foreman's  attention  to  it  immediately,  so 
that  he  may  have  it  detonated.  Never  attempt  to  pick  out  the  ma- 
terial in  such  a  hole ;  either  explode  it  with  a  primer  or,  if  this  can 
not  be  done,  drill  and  fire  another  hole  at  least  2  feet  away.  Use 
great  care  in  removing  any  unexploded  dynamite  from  the  muck 
pile,  and  be  especially  cautious  if  a  piece  of  fuse  is  discovered  near 
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it,  for  this  may  mean  that  there  still  is  a  detonator  in  the  cartridge. 
Never  handle  a  pick  like  a  sledge  hammer;  pull  or  scrape  tiie  mate- 
rial down  rather  than  strike  it  with  the  pick.  Do  not  start  a  new 
hole  in  the  remnants  of  a  former  one  that  has  ever  held  dynamite, 
for  there  is  always  a  chance  that  the  dynamite  may  not  have  been 
detonated. 

Whenever  you  feel  that  you  are  inhaling  fimies  from  dynamite 
that  has  burned,  or  any  other  harmful  gases,  try  to  get  to  fresh  air 
as  soon  as  possible ;  the  quickest  way  to  do  this  is  often  to  open  the 
compressed-air  line,  or  to  break  the  ventilating  pipe,  if  you  know 
that  the  current  is  in  the  right  direction.  Never  use  anything  but 
a  safety  lamp  or  a  portable  electric  lamp  in  a  tunnel  where  explosive 
gases  are  known  to  exist,  and  do  not  carry  any  other  means  of  striking 
a  light  into  such  a  tunnel. 

Never  attempt  to  ride  upon  a  full  car  or  a  loaded  trip;  and  when 
riding  in  empty  ones  see  that  your  feet  and  hands  are  well  inside  and 
that  your  head  is  low  enough  to  clear  the  roof  at  all  places.  Learn 
which  side  of  the  tunnel  has  the  most  room,  and  when  a  trip  of  cars 
approaches  allow  yourself  as  much  clearance  as  possible.  If  the 
trip  is  drawn  by  an  animal^  hide  any  bright  light  you  may  be  carry- 
ing. If  it  is  your  duty  to  drive  a  horse  or  mule  or  to  run  a  locomo- 
tive, try  to  do  everything  possible  to  prevent  derailments;  report 
any  places  where  the  track  or  roadbed  is  in  bad  condition.  Eemember 
that  the  front  end  of  the  trip  is  the  most  dangerous  place  you  can 
stand,  so  that  if  this  is  necessary,  you  must  take  extra  care;  never 
under  any  circumstances  ride  with  one  foot  on  the  chain  by  which 
the  cars  are  being  pulled.  Take  care  that  the  animal  does  not  step 
on  you  or  kick  you,  and  speak  to  him  before  approaching  him  from 
the  rear.  In  placing  a  derailed  loaded  car  back  upon  the  rails,  take 
care  not  to  strain  or  otherwise  injure  yourself  in  so  doing;  keep 
your  feet  and  hands  in  a  safe  position,  and  see  that  the  car  does  not 
topple  over  and  crush  you  against  the  sides  of  the  tunnel. 

Bear  constantly  in  mind  that  the  trolley  wire  is  dangerous  and 
that  you  must  pass  within  a  few  inches  of  it  when  going  in  and  out 
of  the  tunnel,  often  when  your  attention  must  be  given  to  your 
footing.  This  danger  should  be  especially  avoided  when  climbing 
into  cars.  When  you  are  in  a  tunnel  where  there  is  a  trolley  wire 
never  carry  tools,  drill  steel,  or  anything  else  that  is  metal  or  wet 
on  your  shoulders.  Do  not  handle  any  electrical  equipment  un- 
necessarily nor  ride  on  electric  locomotives.  Never  cause  anyone  to 
receive  an  electric  shock;  it  is  never  possible  to  foretell  its  results. 
If  it  is  your  duty  to  repair  electrical  apparatus,  see  that  you  are 
properly  insulated,  or  that  the  current  is  cut  off  and  can  not  be 
turned  on  without  your  knowledge;  keep  your  hands  and  body  in 
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such  a  position  that  a  recoil  from  an  accidental  shock  will  throw 
you  clear  of  any  charged  part  of  the  apparatus.  In  removing  and 
replacing  the  temporary  cluster  of  electric  lights  in  the  heading  be 
careful  not  to  touch  any  bare  or  injured  place  in  the  wires,  and  call 
the  foreman's  attention  to  any  damaged  place  you  may  discover. 
Faniiliarize  yourself  with  the  methods  of  reviving  a  person  injured 
by  electric  ^ock  and  put  them  into  practice  as  soon  as  possible 
whenever  necessity  occurs. 

Do  not  smoke  or  throw  a  lighted  match  near  any  pile  of  inflam- 
mable rubbish  either  in  a  building  or  near  timbering,  and  do  not 
carry  a  candle  or  a  torch  near  any  piles  of  hay.  Never  wedge  a 
candle  between  two  nails  on  a  post  or  other  piece  of  timber;  many  dis- 
astrous mine  fires  have  started  in  just  this  way. 

Never  take  a  drink  of  liquor  before  or  during  working  hours,  and 
do  not  hesitate  to  report  any  man  you  see  doing  so  or  who  is  in  an 
intoxicated  condition;  your  safety  and  perhaps  your  life  may  be 
sacrificed  to  his  carelessness  when  under  the  influence  of  liquor. 


Digitized  by  LjOOQ IC 


SURFACE  BQUIPMBNT  FOR  DRIVING  TUNNEIjS. 

The  equipment  on  the  surface  at  tunnels  that  are  being  driven 
usually  centers  around  a  power  house.  Ventilating  machinery  for 
supplying  fresh  air  to  the  men  working  in  the  tunnel  is  usually  placed 
here,  with  the  blacksmith  and  repair  shops  near  by.  Other  surface 
equipment  consists  of  storehouses  and  buildings  in  which  the  tunnel 
crew  are  housed  and  fed. 

FOWEB  EQUIPMEllT. 
SOURCES  or  POWER. 

Although  the  power  for  driving  a  tunnel  may  be  obtained  from 
various  sources,  in  general  practice  at  present  it  is  produced  primarily 
from  either  steam  or  flowing  water.  Although,  as  far  as  could  be 
ascertained,  the  gas  producer  used  in  connection  with  internal-com- 
bustion engines  has  been  installed  at  only  one  tunnel,  nevertheless 
it  offers  a  possibility  as  a  source  of  power  that  will  have  to  be  seri- 
ously considered  in  the  design  of  future  plants.  Within  the  last 
few  years,  as  its  advantages  have  become  better  appreciated,  the 
gas  producer  has  developed  rapidly — so  rapidly,  in  fact,  that  few 
people  realize  that  it  is  to-day  as  reliable  and  substantial  a  piece 
of  apparatus  as  an  ordinary  boiler,  that  its  consumption  of  fuel 
is  only  one-third  as  great,  and  that  the  labor  to  operate  it  need  not 
be  one  whit  more  skilled.  The  gasoline  engines  occasionally  used 
to  furnish  power  in  tunnel  operations  have  been  confined  either  to 
temporary  plants  or  to  small  and  isolated  units  of  machinery.  In 
localities  where  petroleum  is  cheap  it  is  probable  that  an  oil  engine 
of  the  Diesel  type,  with  its  wonderful  fuel  economy,  may  be  found 
the  cheapest  means  of  producing  power.  Electricity,  especially 
where  it  is  used  at  tunnel  plants  to  operate  prime  moving  ma- 
chinery, is  sometimes  considered  a  source  of  power;  but  as  the  cur- 
rent so  employed  has  to  be  generated  elsewhere,  usually  from  steam 
or  water,  or  possibly  from  producer  gas,  petroleum,  or  gasoline, 
electricity  is  merely  a  convenient  form  of  power  for  transmission, 
not  a  source  of  power. 

PRODUCTION  OF  POWER, 
WATEB  POWER. 

In  tunneling,  the  machines  most   frequently  employed  for  the 
utilization  of  water  power  are  of  the  impulse  type.    Such  a  wheel 
is  driven  by  the  force  of  a  stream  of  water  issuing  from  a  nozzle. 
46 
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acting  against  vanes  or  buckets  on  the  circumference  of  the  wheel, 
and  is  well  adapted  for  use  with  a  relatively  small  volume  of  water 
under  high  head.  The  efficiency  of  the  machine  is  dependent  upon 
the  way  the  vanes  or  buckets  reverse  the  direction  of  the  water 
discharged  upon  them ;  hence  they  usually  conform  to  a  curve  which 
is  very  carefully  designed  to  avoid  loss  of  power  through  eddies  and 
friction  as  the  water  strikes  the  vane.  There  may  be  more  than 
one  nozzle  in  order  to  obtain  greater  power  or,  if  high  rotative  speed 
is  desired,  a  small  wheel  with  multiple  nozzles  may  be  substituted 
for  a  large  one.  In  order  to  obtain  the  best  results  the  peripheral 
speed  of  the  cups  or  vanes  should  be  between  42  and  48  per  cent  of 
the  speed  of  the  water  issuing  from  the  nozzle.  Impulse  wheels  are 
manufactured  in  many  different  designs,  sizes,  and  speeds,  adapted 
for  working  under  widely  diverse  conditions.  Those  observed  at 
different  tunnels  examined  for  this  report  were,  as  far  as  could  be 
learned,  giving  very  satisfactory  service. 

The  turbine  wheel,  in  which  the  force  of  the  water  is  made  to  act 
through  suitable  guides  upon  all  the  vanes  or  blades  simultaneously, 
affords  another  means  of  utilizing  water  power  and  may  be  designed 
for  either  high  or  low  heads.  Its  use  is  limited,  however,  especially 
with  high  heads,  to  localities  where  clear  water  is  available,  be- 
cause of  the  abrasive  action  of  sand  and  grit  upon  the  guides. 
With  low  heads  this  action  is  not  so  marked.  As  the  water  power 
available  in  the  vicinity  of  tunnels  and  adits  is  in  most  cases  from 
streams  furnishing  high  heads  and  at  certain  seasons  of  the  year 
carrying  large  amounts  of  sediment,  the  use  of  turbine  wheels  for 
such  plants  is  not  feasible  unless  large  settling  basins  can  be  provided. 

The  hydraulic  compressor,  converting  the  energy  of  water  directly 
into  compressed  air,  offers  a  third  method  for  utilizing  water  power. 
The  earliest  type  operates  on  the  principle  of  the  hydraulic  ram, 
in  which  a  column  of  water  is  allowed  to  acquire  velocity  and  is 
then  suddenly  checked,  developing  intermittently  for  a  short  space 
of  time  pressure  much  greater  than  that  due  to  the  head  of  the 
column  of  water.  This  pressure  is  employed  in  compressing  air. 
Sommeiler,  in  about  1860,  designed  a  machine  of  this  type  for  use 
at  the  Mount  Cenis  Tunnel.  Such  compressors  require  rather  high 
heads  and  have  low  efficiency.  Although  conditions  might  be  such 
as  to  make  the  use  of  compressors  of  this  type  desirable,  the  water 
power  they  require  can  generally  be  utilized  more  advantageously 
in  some  other  manner. 

The  hydraulic  compressor  recently  developed  by  C.  H.  Taylor,* 
introducing  air  into  a  colunm  of  water  and  compressing  it  as  the  ^ 
air  and  water  fall  together  to  the  bottom  of  a  shaft  where  the  air  is 

•  Bi»e  article  on  Taylor  hydraulic  air  compressor,  Compressed  Air  Mag.,  June,  1010, 
p.  5675. 
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separated  and  collected,  ^  very  efficient  and  requires  only  a  small 
amount  of  attention,  although  the  cost  of  construction  prohibits 
its  use  except  for  installations  much  larger  than  those  ordinarily 
required  for  tunnel  work.  The  latest  installation  of  this  system, 
which  was  completed  in  June,  1910,  is  situated  at  Bagged  Chutes  on 
the  Montreal  Biver,  and  supplies  air  to  the  mining  district  near 
Cobalt,  Ontario.** 

At  this  plant  a  concrete  dam  diverts  water  from  the  river  above 
the  rapids  to  the  tops  of  two  circular  shafts  8^  feet  in  diameter, 


FiGcrm  4. — Cross  section  of  Taylor  hydraulic  compressor  at  Cobalt,  Ontario. 


where,  by  means  of  suitable  apparatus,  a  large  quantity  of  air  is  in- 
troduced into  the  water  in  the  form  of  bubbles.  The  mixed  water 
and  air  descend  the  shafts  (350  feet  deep)  and  start  through  a  pas- 
sage 1,000  feet  long.  The  passage,  as  shown  in  figure  4,  is  so  designed 
that  the  compressed  air  is  permitted  to  rise  to  the  surface  of  tlie 
water  and  is  collected  partly  along  the  top  of  the  passage  and  partly 
in  a  large  collecting  chamber  excavated  near  the  end  of  the  passage. 
The  waste  water  then  rises  298  feet  through  a  shaft  22  feet  in  diam- 
eter and  is  discharged  into  the  river  below  the  rapids.  The  air  is 
drawn  from  the  top  of  the  chamber  at  a  pressure  of  120  pounds  to 

•  Bateman,  G.  C,  The  Cobalt  Hydraulic  Company :  Bng.  and  Min.  Joor.,  vol.  92,  Nov. 
18,  1911,  p.  998. 
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the  square  inch  and  is  transmitted  by  a  20-inch  main  to  the  mines 
9  miles  distant.  The  capacity  of  the  plant  is  the  compression  of 
40,000  cubic  feet  of  free  air  per  minute  to  120  pounds  per  square  inch. 

The  familiar  overshot,  breast,  and  undershot  wheels  are  not  used 
to  drive  machinery  for  tunnel  work  because  of  their  large  size  in  pro- 
portion to  the  power  developed  and  because  of  the  trouble  of  their 
maintenance. 

The  following  table,  which  is  based  upon  actual  results,  shows  the 
efficiency  of  different  types  of  water  motors: 

Percentage  of  theoretical  horsepower  realized  by  various  water  motors. 

Per  cent. 

Impulse   wheels 70  to  85 

Tarbine  wheels j 75  to  85 

Overshot  wheels 60  to  65 

Brea«t  wheels 50  to  60 

Undershot  wheels . 30  to  50 

Besnlts  obtained  at  the  testing  flume  of  the  Holyoke  (Mass.)  Water 
Co..  whose  tests  are  taken  as  standard  by  American  engineers,  show 
efficiencies  for  turbine  wheels  under  favorable  conditions  of  over  80 
per  cent^«  but  this  is  unusual,  the  figures  above  being  much  nearer 
the  efficiency  obtained  in  ordinary  practice.  The  efficiency  of  hy- 
draulic compressors  of  the  ram  type  is  about  30  to  40  per  cent,  where- 
as the  Taylor  compressor  at  Cobalt  is  said  to  utilize  at  least  75  per 
cent  of  the  theoretical  power  of  the  water. 

STEAM  ENGINES. 

Steam  engines  are  of  two  types,  reciprocating  and  turbine.  In  the 
reciprocating  engine  power  is  developed  by  the  pressure  and  expan- 
sion of  steam  in  a  cylinder  acting  against  a  moving  piston.  Such 
enpnes  may  be  either  simple  or  compound,  both  forms  being  used 
in  tunnel  plants.  In  simple  reciprocating  engines  the  total  expan- 
sion of  the  steam  and  consequent  reduction  of  pressure  takes  place 
in  one  cylinder,  whereas  in  the  compound  type  a  part  of  the  expan- 
sion takes  place  in  the  first  cylinder  and  the  steam,  under  somewhat 
reduced  pressure,  is  expanded  further  in  a  second  cylinder,  neces- 
sarily larger  because  of  the  lower  pressure  of  the  steam. 

The  steam  turbine  is  similar  in  principle  to  the  water  wheel,  ex- 
cept that  steam  instead  of  water  is  the  motive  fluid.  Among  its 
advantages  are  economy,  small  size  per  unit  of  power,  and  freedom 
from  vibration,  and  its  use  is  steadily  increasing  on  both  land  and  sea. 
Modem  steam  turbines  in  sizes  of  250  to  500  horsepower,  with  a 
steam  pressure  of  150  pounds  and  a  28-inch  vacuum,  will  develop 

'Ltraer,  C.  W.,  Cbaracterlstics  of  modem  hydraallc  tarblnes:  Trans.  Am.  Soc.  Civ. 
E^  vol.  66,  March,  1910,  p.  322. 
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a  kilowatt-hour  with  a  consumption  of  18  to  20  pounds  of  steam.  A 
recent  series  of  shop  tests »  on  a  300-kilowatt  Swiss  condensing 
turbine  showed  that  with  112^  pound  of  steam  and  a  96.6  per  cent 
vacuum  a  kilowatt-hour  was  produced  with  16.1  pounds  of  steam. 
The  difficulty  of  reducing  the  high  rotative  speed  of  the  turbine  en- 
gine down  to  the  restricted  speed  of  reciprocating  machinery  has 
prevented  until  recently  the  use  of  turbine  engines  in  tunnel  installa- 
tions, but  with  the  advent  of  the  turbocompressor  we  may  expect 
to  see  them  dividing  the  field,  or,  perhaps,  entirely  displacing  the 
cumbersome  reciprocating  plants  now  in  vogue. 

INTERNAL-COMBUSTION   ENGINES. 

Internal-combustion  engines  develop  power  from  the  pressure  pro- 
duced by  the  explosion  or  rapid  combustion  (confined  in  a  suitable 
cylinder)  of  a  mixture  containing  the  proper  proportions  of  air  and 
a  gasified  fuel.  The  source  of  the  fuel  gas  may  be  gasoline,  kero- 
sene distillate,  or  even  crude  petroleum,  or  the  gas  may  be  generated 
from  coal  by  distillation  in  a  retort  or  by  a  gas  producer.  The  en- 
gines are  usually  designated  by  the  kind  of  fuel  for  which  they  are 
adapted,  as,  for  example,  oil  engines,  gasoline  engines,  or  producer- 
gas  engines.  As  far  as  could  be  ascertained,  the  latter  two  are  the 
only  types  now  used  in  tunneling. 

Although  the  gasoline  engine  has  been  developed  with  wonderful 
rapidity  during  the  last  25  years  in  connection  with  the  automobile 
industry,  the  use  of  engines  of  this  type  for  tunnel  work  has  been 
confined  to  a  very  limited  field,  namely,  the  operation  of  machinery 
in  isolated  or  not  easily  accessible  localities.  As  prime  movers  for 
tunnel  plants  of  any  magnitude  they  can  not  compete,  under  most 
circumstances,  with  machines  using  other  sources  of  power,  and  on 
this  accoimt  their  application  has  been  confined  either  to  enterprises 
small  in  scope  or  to  the  temporary  and  early  development  stage  of 
larger  projects,  for  which  they  are  sometimes  installed  to  begin  the 
work  at  places  by  nature  inaccessible  for  nonportable  units  of  heavier 
machinery,  pending  the  construction  of  a  special  roadway  or  a  trans- 
mission line.  Most  manufacturers  of  air  compressors  have  recently 
begun  to  supply  air  compressors  directly  driven  by  internal-combustion 
engines,  although  as  yet  only  the  smaller  sizes  of  gasoline  engines  are 
being  used.  With  suitable  adaptations  the  principle  might  be  ap- 
plied equally  well  to  the  larger  sizes  using  oil  or  gas  as  fuel.  Within 
the  past  three  years  gasoline  locomotives  have  been  successfully  em- 
ployed in  coal  mines,  and,  according  to  the  manufacturers,  there  are 
now  over  100  of  them  in  operation.    These  machines  are  equally 

«  DTRcribed  la  a  letter  from  tbc  manufacturer  to  the  authors. 


Digitized  by  LjOOQIC 


8UBFACE  EQUIPMENT  FOB  DBIVING  TUNNELS.  51 

suitable  for  use  in  tuimel  work  and  will,  no  doubt,  be  employed  ex- 
tensively for  this  purpose  in  the  near  future.  • 

The  only  use  of  producer-gas  engines  in  tunnel  work  to  date,  so  far 
as  learned,  was  in  England  at  the  power  plant  for  the  tunnel  recently 
completed  under  the  Thames  Biver,  connecting  North  and  South 
Woolwich.  As  the  tunnel  was  driven  by  the  use  of  air  locks  absolute 
reliability  in  the  power  plant  was  required  to  avoid  a  decrease  of 
pressure  that  might  result  in  serious  damage  to  the  tunnel.  At  this 
plant,  as  described  in  "Tlie  Engineer," «  three  engines,  each  of  150 
brake  horsepower,  when  running  at  180  revolutions  per  minute,  were 
supplied  with  gas  from  suction  producers  using  Scotch  anthracite  coal 
and  were  connected  to  a  central  shaft  which  transmitted  power  to  4 
air  oHnpressors  and  4  dynamos.  The  plant  was  operated  continuously 
from  July,  1910,  until  the  end  of  December,  1911,  except  during 
October  and  November,  1910,  when  after  the  vertical  shaft  had  been 
completed  the  plant  was  purposely  stopped  while  preparations  were 
being  made  to  start  tunneling. 

The  gas  producer  is  discussed  in  detail  in  Bureau  of  Mines  Bulle- 
tin 18.*  The  reader  is  also  referred  to  the  bibliography  accompany^ 
ing  this  report  and  to  the  bulletins  noted  below,  which  are  issued  by 
the  Bureau  of  Mines: 

BnUetin  4.  Features  of  producer-gas  power-plant  development  in  Europe,  by 
R.  H.  Femald.    1910.    27  pp.,  4  pis.,  7  flgSw 

BuUetin  7.  Esaratial  factors  in  the  formation  of  producer  gas,  by  J.  K. 
CletDOit,  L.  H.  Adams,  and  C.  N.  Haskins.    1911.    58  pp.,  1  pi.,  16  figs. 

BuUetln  16.  The  uses  of  peat  for  fuel  and  other  purposes,  by  O.  A.  Davis. 
!9tL    214  pp.,  1  pi.,  1  fig. 

BuUetin  31.  Incidental  problons  in  gas-producer  tests,  by  R.  H.  Fernald,  C.  D. 
Smitfa,  J.  K.  Clement,  and  H.  A.  Grine.  29  pp.,  8  figs.  Reprint  of  United  States 
Geological  Survey  Bulletin  393. 

Bulletin  55.  The  commercial  trend  of  the  producer-gas  power  plant  in  the 
United  States,  by  R.  H.  Femald.    1913.    93  pp.,  1  pi.,  4  figs. 

Although,  as  far  as  could  be  learned,  oil  engines  of  the  Diesel  type 
have  not  been  employed  in  tunnel  power  plants  their  marked  success 
in  other  fields  warrants  the  discussion  of  the  possibility  of  their  use 
in  tunnel  work.  The  Diesel  differs  from  other  internal-combustion 
engines  in  that  instead  of  drawing  into  the  cylinder  an  explosive  mix- 
ture of  air  and  a  cmnbustible  gas  (such  as  producer  gas,  gasoline 
vapor,  kerosene,  or  even  crude  petroleum  previously  volatilized  by 
heat)  and  then  ecHnpressing  this  mixture  and  exploding  it  by  means 
of  an  electric  spark,  or  some  other  suitable  device,  the  Diesel  engine 
compresses  air  alone,  and  when  this  is  under  high  pressure  (approxi- 

•The  Engineer  (London),  Temporary  power  plant  for  Woolwich  footway  tunnel :  Jan. 
12,  1012,  pp.  4^-47. 

*  Fenuild,  R.  H.,  and  Smith,  C.  D.,  Bteum4  of  producer-gaa  investigations,  Oct.  1,  1904, 
to  June  30.  1910.     1911.     398  pp.,  12  pla.,  250  flgs. 
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mately  600  pounds  per  square  inch,  which  is  much  greater  than  that 
usually  attained  in  other  types  of  internal-combustion  engines)  injects 
into  the  cylinder  a  spray  of  finely  atomized  oil.  During  the  com- 
pression of  the  air  to  the  required  pressure  it  reaches  a  temperature 
of  more  than  1,000°  F.,  more  than  sufficient  to  ignite  the  oil  instantly 
without  the  use  of  an  electric  spark,  hot  plate,  or  other  similar  device. 

The  chief  advantage  of  the  Diesel  engine  is  economy  of  fuel.  It 
is  a  well-known  fact  that  the  rapidity  and  completeness  of  combus- 
tion are  increased  by  pressure;  it  is  not  surprising  therefore  that 
under  the  high  pressures  in. this  machine  excellent  results  can  be 
obtained  from  a  small  amount  of  oil.  The  extremely  fine  atomization 
of  the  fuel,  due  to  its  being  injected  by  compressed  air  under  a  pres- 
sure of  300  to  500  pounds  per  square  inch  higher  than  that  in  the 
cylinder,  is  undoubtedly  another  important  factor.  And  again,  as 
scavenging  is  effected  by  air  only  instead  of  by  a  mixture  of  air  and 
fuel,  as  is  the  case  in  other  types  of  internal-combustion  engines, 
there  is  no  possibility  of  fuel  being  lost  through  the  exhaust  valves 
during  this  process,  a  saving  that  is  extremely  important  in  engines 
designed  for  a  two-stroke  cycle. 

In  addition  to  the  advantage  of  fuel  economy,  however,  the  Diesel 
engine  does  not  require  frequent  cleaning,  as  is  the  case  with  oil 
engines  depending  upon  a  hot  plate  or  a  similar  device  for  the  igni- 
tion of  the  explosive  mixture.  It  also  dispenses  with  the  carbureter, 
so  necessary  for  the  gasoline  engine  and  always  a  source  of  trouble 
and  annoyance.  In  addition,  as  the  mixture  being  compressed  in 
the  cylinder  of  a  Diesel  engine  is  not  explosive,  allowance  does  not 
have  to  be  made  in  the  design  of  the  cylinder  and  other  parts  for  un- 
due stresses  and  strains  that  might  result  from  a  premature  ignition 
of  the  charge,  of  not  infrequent  occurrence  in  other  engines.  Although 
some  provision  can,  of  course,  be  made  for  these  shocks,  their  force 
and  violence  can  not  always  be  foreseen  and  there  have  been  many 
instances  of  disastrous  results  arising  from  them. 

The  principal  disadvantage  of  the  Diesel  engine,  on  the  other  hand, 
is  that  of  high  first  cost,  and  this  would  prohibit  its  use  for  tunnel 
work  of  short  duration.  However,  the  price  has  recently  been  greatly 
reduced  abroad  and  it  is  certain  to  be  reduced  in  America,  now  that 
manufacturers  in  this  country  are  equipped  with  suitable  apparatus 
and  prepared  to  execute  the  high  class  of  workmanship  required  in 
its  construction;  hence  in  the  near  future  this  drawback  may  dis- 
appear. But  even  now,  if  the  time  required  for  the  completion  of 
the  work  is  to  be  long  enough  or  the  amount  of  power  to  be  used  is 
great  enough  to  warrant  a  heavy  initial  outlay  in  order  to  effect  a 
saving  in  operating  cost,  the  choice  of  a  Diesel  engine  should  bo 
seriously  considered. 
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ELECTBIO  MOTORS. 

Electric  motors  may  be  designed  either  for  direct  or  alternating 
current.  Where  used  as  prime  movers  at  the  tunnel  plants  visited 
they  were  of  the  alternating-current  type  only  and  operated  at  com- 
paratively low  voltages,  usually  440  volts.  Their  power  was  gener- 
ally transmitted  to  the  machinery  by  means  of  belts,  but  at  one  or 
two  places  on  the  New  York  Aqueduct  direct-connected  electric- 
driven  air  compressors  were  noticed. 

TRANSMISSION  OF  POWER. 

Electricity,  because  it  can  be  economically  transmitted  long  dis- 
tances," is  the  favored  means  of  transmitting  to  a  tunnel  the  power 
generated  at  some  remote  station.  It  possesses  one  well-known  disad- 
vantage, that  of  occasional  interruption,  especially  where  distances 
are  great  and  tension  high,  because  of  unavoidable  hindrance  to  serv- 
ice through  storms.  On  the  other  hand,  producer  gas  has  possibili- 
ties that  deserve  serious  consideration.  Its  transmission  has  been 
recently  taken  from  the  realm  of  mere  conjecture  and  demonstrated 
as  practical  in  the  Pittsburgh  (Pa.)  district  where  natural  gas  is 
piped  for  distances  of  200  miles,  and  in  England,  where  producer  gas 
is  supplied  to  points  within  a  radius  of  160  miles  with  transmission 
losses  even  less  than  those  of  electricity.  In  its  application  to  tunnel 
operations,  producer  gas  can  be  generated  in  a  plant  conveniently 
situated  on  a  railroad  siding  or  some  other  readily  accessible  place, 
and  the  power  piped  to  internal-combustion  engines  at  the  tunnel 
portaL 

Where  distances  are  comparatively  short  (that  is,  less  than  5  miles) 
electricity  is  rivalled  by  compressed  air,  and  the  competition  grows 
more  keen  as  the  length  of  the  transmission  system  decreases.  This  is 
possible  because  compressed  air,  in  spite  of  its  low  efficiency  and  high 
cost,  is  necessary  where  pneumatic  drills  are  employed;  and  even 
v>ere  electric  transmission  chosen,  air  would  have  to  be  compressed 
by  electricity  at  the  tunnel.  Hence  it  is  the  usual  practice  to  produce 
the  compressed  air  at  once,  thus  avoiding  the  extra  machinery  and  the 
additional  operating  losses  of  electric  transmission. 

CONSIDERATIONS  INFLUENCING  CHOICE  OF  POWER. 

A  number  of  factors  enter  into  the  choice  of  power  for  tunneling 
operations.  To  begin  with,  the  plant  is  usually  short  lived.  Then, 
too,  such  local  conditions  as  accessibility,  distance  from  a  railroad,  the 
availability  of  water  power,  etc.,  must  be  considered.  Each  method 
of  deriving  power  has  also  certain  peculiarities  that  render  it  par- 
ticularly adaptable  to  some  conditions.    Among  these  may  be  men- 
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tioned  the  cost  of  installation,  of  labor,  of  fuel,  of  interest  and  de- 
preciation, and  other  operating  expenses.  Aside  from  all  this,  it  is 
often  necessary  to  decide  between  the  production  of  power  at  the 
plant  or  elsewhere  and  the  purchase  of  power  from  an  established 
hydroelectric  company.  Some  of  these  factors  are  discussed  briefly 
below. 

DURATION  OF  PLANT. 

At  many  tunnel  power  plants,  in  direct  contrast  with  those  used 
in  manufacturing,  the  equipment  is  required  only  for  the  compara- 
tively short  time  of  actual  tunnel  construction.  Thus  it  becomes  a 
delicate  problem  to  determine  just  how  far  one  is  justified  in  the  pur- 
chase of  machinery  and  apparatus  for  utilizing  all  the  various  econo- 
mies that  may  be  effected  in  the  production  of  power.  It  is  diffi- 
cult to  decide  whether  it  would  not  be  better  in  the  end  to  install  le&s 
costly  machinery  that  would  necessitate  slightly  higher  expense  in 
operating  and  maintaining  than  to  tie  up  extra  capital  in  equipment 
that  would  be  of  no  further  use  when  the  tunnel  is  completed.  Of 
course,  the  shorter  the  probable  life  of  the  plant  the  more  would  one 
be  justified  in  such  a  course.  Although,  if  the  equipment  can  be 
transferred  upon  the  completion  of  the  tunnel  to  other  projects,  this 
would  so  prolong  its  period  of  usefulness  that  the  original  expendi- 
ture of  capital  could  properly  and  with  true  economy  be  greater.  A 
notable  instance  of  this  was  observed  on  the  Los  Angeles  Aqueduct, 
where,  as  far  as  possible,  upon  the  completion  of  one  of  the  numerous 
tunnels,  the  equipment  was  transferred  and  used  in  power  plants  at 
other  tunnels  whose  construction  had  not  yet  begun.  If  a  central 
station  for  generating  a  large  amount  of  power  is  being  considered, 
the  purchase  of  apparatus  with  regard  to  ultimate  economy  in  opera- 
tion is  again  the  far-sighted  policy.  This  was  the  case  at  the  Rondout 
Siphon  Tunnel,  but  at  the  average  mining  tunnel  the  converse  is  more 
often  likely  to  be  true. 

ACCESSIBILITY  OF  TUNNEL. 

Many  tunnels  are  driven  at  places  very  difficult  of  access.  They 
may  be  so  situated  as  to  make  the  installation  of  heavy  machinery 
no  easy  matter,  as,  for  example,  where  the  road  from  the  nearest 
railroad  is  poor  and  has  steep  grades;  or  they  may  be  at  a  great 
distance  from  the  nearest  siding,  so  that  if  the  power  plant  requires 
coal,  the  delivery  of  this  fuel  is  not  only  costly,  but  also  uncertain 
and  difficult  in  some  seasons  of  the  year.  Such  conditions  are  favor- 
able for  the  adoption  of  power  transmission  in  some  form  from  a 
waterfall  or  rapid,  if  there  is  one  near  enough,  or,  lacking  these 
natural  advantages,  from  a  fuel  plant  installed  at  some  point  more 
readily  accessible. 
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COST  OF   INSTALLATION. 

The  cost  of  installing  water  wheels  depends  entirely  on  local  con- 
ditions, which  are  never  twice  alike.  Where  high  heads  are  avail- 
able and  the  quantity  of  water  required  is  not  large,  water  can  be 
conveyed  to  the  water  wheel  by  small  flumes  or  pipes,  which  are 
comparatively  inexpensive.  For  example,  at  the  Carter  Tunnel 
(PI.  I,  -4) ,  with  an  available  head  of  145  feet,  a  flume  16  by  48  inches 
inside  and  5,000  feet  in  length  is  sufficient  to  supply  the  200  horse- 
power developed.  At  the  Laramie-Poudre  Tunnel,  with  a  static 
head  of  268  feet,  400  horsepower  is  conveyed  to  the  tunnel  plant  by 
a  wooden-stave  22-inch  pipe  line,  8,600  feet  in  length.  The  Utah 
Metals  Tunnel  obtains  water  from  two  souices :  The  first  gives  a  700- 
foot  head,  requires  2,500  feet  of  12-inch,  1,900  feet  of  10-inch,  and 
100  feet  of  8-inch  spiral,  riveted  steel  pipe,  and  furnishes  170  horse- 
power; the  second,  giving  a  750- foot  head,  requires  2,000  feet  of 
12-inch,  1,000  feet  of  8-inch,  and  8,000  feet  of  6-inch  pipe  to  produce 
55  horsepower. 

Where  heads  are  low  retaining  dams  are  usually  necessary.  At 
best  these  are  expensive,  and  their  cost  increases  enormously  with 
iheir  height. '  With  low  heads  larger  flumes  are  required  to  convey 
the  greater  quantity  of  water.  At  the  Nisqually  Tunnel  (PL  I,  5), 
a  low  dam  and  a  6  by  8  foot  wooden  flume  1,200  feet  long  are 
used.  The  water  is  delivered  under  an  effective  head  of  29  feet  to 
a  turbine  wheel  that  generates  1,000  horsepower.  One  has  only 
to  consider  some  of  the  very  expensive  dams  on  the  larger  rivers, 
furnishing  power  for  manufacturing  purposes,  in  order  to  realize 
how  great  the  cost  of  installation  may  be  where  low  heads  are 
utilized.  It  is  fortunately  true,  however,  that  where  water  power 
is  obtainable  for  tunnel  work  the  heads  are  usually  high  and  the  less 
expensive  flumes  or  pipe  lines  of  moderate  length  can  be  utilized. 

The  cost  of  the  machinery  actually  within  a  tunnel  power  house  is 
greater  for  steam  than  for  water  power  or  electricity;  but  if,  as 
should  be  done  to  make  the  figures  truly  comparable,  the  cost  of  the 
dam  and  the  flume  (or  of  the  transmission  line  for  electricity)  be 
taken  into  consideration,  the  advantage  is  usually  reversed.  It  is 
somewhat  cheaper  to  install  a  steam  plant  than  one  using  producer 
gas  and  having  engines  of  the  same  capacity,  but  the  difference  is 
not  great.  Fernald,«  after  a  study  of  many  tables  of  costs,  applying 
to  other  uses,  however,  than  tunnel  work,  concludes  that  "  complete 
producer-gas  installations  for  the  larger  plants,  say,  from  4,000  to 
5,000  horsepower,  cost  about  the  same  as  those  of  first-class  steam 
plants  of  the  same  rating.  With  smaller  installations  the  balance  is 
probably  in  favor  of  the  steam  plant,"    As  it  is  not  customary  in 

•  Fenutld,  R.  H.,  The  commercial  trend  of  the  prodacer-gaB  power  plant  in  the  United 
itatat :  BalL  G6,  Bureau  of  Mines,  1913,  p.  26. 
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tunnel  work  to  install  machinery  designed  to  effect  all  the  refine- 
ments of  steam  economy  found  in  permanent  plants,  it  is  probable 
that  the  first  cost  of  the  average  steam  plant  for  tunnel  work  is  less 
than  those  upon  which  Femald's  estimates  are  based,  in  which  case 
the  comparison  would  be  even  more  favorable  to  steam.  This  is 
partly  offset  by  the  fact  that  the  price  of  gas  producers  and  engines 
is  constantly  being  lowered,  and  by  the  fact  that  the  cost  of  actually 
placing  the  machinery  would  be  less  for  the  gas  producer. 

The  initial  expense  of  installing  any  of  the  various  systems  for 
transmitting  power  is  dependent  upon  two  factors:  The  cost  of  the 
machinery  required  to  produce  the  power,  to  convert  it  into  the  form 
suitable  for  transmission,  and  to  reconvert  it  into  the  form  adapted 
to  the  machines  using  it ;  and  the  cost  of  the  transmission  line.  Ex- 
cept for  a  slight  increase  in  capacity,  to  provide  for  losses  in  trans- 
mission, the  factor  of  machinery  cost  under  any  given  conditicms  is 
independent  of  the  distance  over  which  power  is  to  be  delivered,  but 
the  cost  of  the  line  increases  somewhat  faster  than  its  length,  other 
things  being  equal.  If  the  power  is  required  ultimately  for  the  op- 
eration of  air  drills,  practically  the  same  size  of  compressor  will  bo 
necessary  whether  electric,  air,  or  gas  transmission  is  employed,  and 
the  cost  of  boiler,  engine,  and  foundations,  in  the  case  of  electricity 
or  air,  will  approximately  balance  the  cost  of  the  producer,  engine, 
and  foundations  for  gas.  Air  transmission  requires  practically  no 
other  machinery  than  that  just  mentioned,  but  gas,  on  the  other  hand, 
needs  a  blower  of  some  sort  to  force  it  through  the  line,  and  elec- 
tricity requires,  in  addition,  a  generator,  motor,  transformers,  and 
the  extra  foundations.  A  list  of  the  three  forms  of  power  trans- 
mission arranged  in  the  order  of  increasing  machinery  cost  would  be 
air,  gas,  and  electricity. 

The  cost  of  an  electric  transmission  line  may  be  divided  into  three 
parts :  First,  the  conductor  and  connections ;  second,  insulation ;  and 
third,  erection  of  the  line.  Although  a  detailed  discussion  of  this 
subject  is  beyond  the  scope  of  this  bulletin,  it  may  be  stated  that, 
for  a  given  power  loss  and  a  given  distance,  the  weight  of  the  con- 
ductor required  to  transmit  a  definite  amount  of  power  is  inversely 
proportional  to  the  square  of  the  voltage  employed.  On  the  other 
hand,  the  cost  of  insulation  increases  rapidly  with  the  potential,  and 
the  cost  of  erection,  complicated  by  steel  towers  and  special  precau- 
tions, is  greatly  augmented  at  high  voltages.  Thus  the  economical 
transmission  of  a  given  amount  of  power  for  a  stated  distance  is 
limited  by  the  maximum  voltage  that  may  be  used  without  the  in- 
creased cost  of  installation  and  erection  destroying  the  saving  in  the 
cost  of  copper. 

Kelative  to  the  most  advantageous  voltage  for  the  short  distances 
and  small  amounts  of  power  commonly  employed  in  tunneling  opera- 
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tions,  the  following  rule  of  thumb  will  give  results  closely  approxi- 
mating those  of  the  most  careful  calculations :  Multiply  the  distance 
to  be  traversed  in  miles  by  1,000  and  select  the  voltage  of  the  com- 
mercial size  of  transformer  nearest  to  this  figure.  The  standard 
voltages  of  transformers  now  in  use  Bre  220,  440,  660,  1,100,  2,200 
6,600,  11,000,  22,000,  33,000,  and  66,000.  If  the  distance  from  the 
power  station  to  the  tunnel  plant  is  5  miles,  select  a  voltage  of  6,600 ; 
if  the  distance  is  10  miles,  a  voltage  of  11,000.  If  the  distance  falls 
midway  between  transformers  steps,  use  the  voltage  that  will  permit 
most  ready  sale  of  the  apparatus  when  the  work  is  completed. 

As  there  are  certain  difficulties  in  the  construction  of  direct-cur- 
rent generators  for  voltages  higher  than  600,  alternating  current  is 
generally  employed  for  transmission  lines.  An  important  addi- 
tional advantage  of  alternating  current  is  the  ease  with  which  the 
potential  may  be  changed  from  low  to  high,  or  vice  versa.  Where 
electricity  is  transmitted  at  high  tension  it  is  usually  generated  at  a 
comparatively  low  voltage,  "stepped  up"  by  transformers  to  the 
desired  potential  for  the  line,  and  "  stepped  down  "  by  transformers 
&t  the  tunnel  plant. 

The  following  figures,  which  show  the  installation  cost  of  an 
electric-transmission  line  for  different  voltages  and  distances,  assum- 
ing approximately  10  per  cent  drop  in  the  line,  are  based  upon  data 
kindly  furnished  by  the  General  Electric  Co. : 

Cost  of  installation  for  electric-transmission  line  for  different  voltages  and 

distances. 

L  200  horsepower ;  1  mile ;  440- volt,  direct  current  : 

Poles,  cross  arms,  insulators,  and  fittings  (poles  spaced  100  feet)..      |375 
33,000  pounds  copper  cable,  500,000  circular  mils  (4  conductors  re- 
quired), at  18i  cents  per  pound 6,025 

Cost  of  erection 300 

Total 6,700 

2.  200  horsepower;  1  mile;  440-volt,  S-phase,  60-cycle,  alternating  cur- 
rent: 

Poles,  cross  arms.  Insulators,  and  fittings  (poles  spaced  100  feet) 415 

^,000  pounds  copper  cable,  350.000  circular  mils  (6  conductors  re- 
quired), at  17}  cents  per  pound 6,035 

Cost  of  erection 375 

Total 6,825 

3.  200  horsepower;  1  mile;  1,100-volt,  3-phase,  60-cycle,  alternating  cur- 
rent: 

Poles,  cross  arms,  insulators,  and  fittings  (poles  spaced  125  feet) 385 

5.100  pounds  coi^)er  cable,  B.  &  S.  No.  0  (8  conductors  required),  at 

171  cents  per  pound 905 

Cost  of  erection 265 

6  transformers,  1,100  to  440  volts,  with  switches,  etc.,  erected 2, 900 

TotaU_ _ 4, 455 
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4.  200  horsepower ;  5  miles ;  1,100-volt,  3-phase,  00-cycIe,  alternating  cur- 
rent: 

Poles,  cross  arms,  insulators,  and  fittings  (poles  spaced  125  feet) $1,870 

122,000  pounds  copper  wire,  B.  &  S.  No.  000  (9  conductors  required), 

at  17J  cents  i)er  pound 21. 650 

Cost  of  erection 1 1,580 

6  transformers,  1,100  to  440  volts,  with  switches,  etc.,  erected 2,900 

Total 28,000 

5.  200  horsepower;  5  miles;  0,600- volt,  3-phase,  60-cycle,  alternating  cur- 
rent : 

Poles,  cross  arms,  insulators,  and  fittings  (poles  spaced  125  feet)—  1, 870 
6,500  pounds  copper  wire,  B.  &  S.  No.  6  (3  conductors  required),  at 

17}  cents  per  pound 1, 150 

Cost  of  erection 1,080 

6  transformers,  6,600  to  440  volts,  with  switches,  etc.,  erected 3, 700 

Total 7,800 

6.  200  hor8ei)ower ;  25  miles;  6,600- volt,  3-phase,  60-cycle,  alternating  cur- 
rent: 

Poles,  cross  arms,  insulators,  and  fittings  (poles  spaced  125  feet)—    9,350 
103,000  pounds  copper  wire,  B.  &  S.  No.  1  (3  conductors  required), 

at  17}  cents  per  pound 18,300 

Cost  of  erection 5, 150 

6  transformers,  6,600  to  440  volts,  with  switches,  etc.,  erected 3, 700 

Total 36,500 

7.  200  horsepower;  25  miles;  22,000-volt,  3-phase,  60-cycle,  alternating 
current : 

Poles,  cross  arms,  insulators,  and  fittings  (poles  spaced  125  feet)—    9,900 
33,(X)0  pounds  copper  wire,  B.  &  S.  No.  6  (3  conductors  required),  at 

17}  cents  per  pound 5,860 

Cost  of  erection 5,190 

6  tronsformers,  22,000  to  440  volts,  with  switches,  etc.,  erected 5, 200 

Total 26, 160 

Freight,  right  of  way,  surveying,  and  engineering  costs  are  not  in- 
cluded in  the  above  data. 

The  l*neumo-Electric  Machine  Co.*»  has  estimated  that  if  com- 
pressed air  were  used  to  transmit  200  horsepower  1  mile,  10  per 
cent  loss  at  80  pounds  pressure  being  allowed,  an  8-inch  pipe  would 
be  required,  which,  at  $1.78  per  foot,  would  cost  $8,400.  Calcu- 
lations show  that  in  order  to  transmit  the  same  amount  of  power 
in  the  form  of  producer  gas  containing  120  British  thermal  units 
per  cubic  foot,  the  required  pipe  would  have  to  be  only  4  inches  in 
diameter,  costing,  at  70  cents  per  foot,  approximately  $3,700.  To 
both  these  valuer  should  be  added  the  expense  for  laying  the  line, 
but  this  figure  would  be  small  compared  to  the  cost  of  the  pipe. 

•  Cost  of  power  tnnsmistlon ;  electricity  yersas  compressed  air ;  Mln.  and  Set  Preea. 
May  14,  1910,  p.  700. 
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Where  the  power  is  ultimately  required  for  use  in  air  drills  and 
power  is  to  be  transmitted  only  for  short  distances  compressed  air 
is  the  cheapest  of  the  three  methods  as  regards  installation  cost,  the 
higher  cost  for  the  machinery  required  by  the  other  systems  more 
than  balancing  the  expensive  air-pipe  line.  Producer-gas  transmis- 
sion, with  its  cost  for  machinery  slightly  greater  than  that  for  air, 
yet  less  than  that  for  electricity,  and  its  line  factor  just  the  reverse, 
is  best  suited  for  the  medium  distances — beyond  the  economical  range 
for  air,  but  still  too  short,  on  account  of  extra  machinery,  for  elec- 
tricity. For  long  distances,  on  the  other  hand,  electric  transmission 
at  high  tension  is,  of  course,  preeminent. 

LABOR  BEQUIBEMElfTS. 

Tunnel  power  plants  are  generally  not  large  enough  to  require 
the  entire  time  of  even  one  operator ;  hence  it  is  impossible  to  prevent 
their  being  overmanned.  Consequently  the  amount  of  labor  required 
does  not  as  a  rule  seriously  affect  the  choice  of  power.  At  a  tunnel 
plant  using  water  wheels,  hydraulic  air  compressors,  or  electric 
motors  as  prime  movers  one  man  per  shift  is  sufficient.  Even  then, 
as  was  the  case  at  the  Laramie-Poudre  Tunnel,  it  is  not  unusual  to 
make  the  shifts  12  hours  long,  thus  requiring  only  two  men  per 
day;  or,  as  at  the  Carter  Tunnel,  to  assign  the  engineer  other  work 
for  a  part  of  his  time.  If  the  results  obtained  from  its  use  in  other 
work  be  accepted,  a  producer-gas  plant  would  require  no  more  exact- 
ing attention,  one  man  per  shift  at  plants  that  develop  as  high  as  750 
or  1,000  horsepower  being  required.  A  steam  plant  of  the  same 
capacity,  on  the  other  hand,  would  require  at  least  two  firemen  in 
addition  to  the  engineer.  In  larger  steam  installations  the  labor 
required  per  horsepower  generated  is  naturally  not  so  great.  For 
example,  at  the  Bondout  siphon  tunnel  8  men  per  8-hour  shift  were 
able  to  attend  to  a  steam  plant  rated  at  4,000  horsepower  and  contain- 
ing 10  air  compressors,  each  having  a  capacity  of  2,400  cubic  feet. 

FUEL    CONSUMPTION. 

If  the  charge  for  delivering  fuel  be  included  the  cost  of  fuel  at 
most  tunnel  plants  is  high ;  hence  the  quantity  required  is  of  great 
importance.  Steam  plants  require  much  more  coal  than  gas  plants 
of  the  same  size,  for  although  large  steam  plants,  with  every  means 
for  effecting  thermal  economies,  may  be  operated  with  as  little  as 
2  pounds  of  high-grade  fuel  per  brake  horsepower-hour,  in  small 
plants  such  as  are  used  in  tunnel  work  a  fuel  consumption  as  low  as 
^  pounds  would  be  exceptional,  and  4  and  5  pounds  is  more  probable. 
With  producer  gas,  on  the  other  hand,  it  has  been  repeatedly  demon- 
strated that  internal-combustion  engines  can  be  operated  on  less 
than  1  pound  of  coal  per  brake  horsepower-hour,  and  at  the  best 
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plants  this  figure  runs  as  low  as  three- fourths  of  a  pound.  The  con- 
sumption at  the  Woolwich  Tunnel  plant  during  a  test  was  0.727 
pound  of  Polmaise  Scotch  anthracite  per  brake  horsepower-hour. 
The  small  internal-combustion  engine  has  the  additional  noteworthy 
characteristic  of  being  decidedly  efficient  in  small  sizes.  A  gas 
engine  of  50  to  60  brake  horsepower  has  little  greater  fuel  consump- 
tion per  horsepower  than  a  large  gas  engine  of  600  or  1,000  brake 
horsepower. 

THERMAL  EFnCIENCY  OF  ENGINE. 

The  comparatively  high  fuel  consumption  of  the  steam  engine  is 
due  to  its  low  thermal  efficiency.  Although  large  and  economically 
operated  steam  plants  may  realize  12  to  15  per  cent  of  the  energy 
of  the  coal,  6  per  cent  is  much  nearer  the  value  generally  obtained 
in  tunnel  work.  The  following  table  shows  the  distribution  of  the 
average  heat  losses  for  one  year  at  a  well-conducted  steam  plant 
where  the  thermal  efficiency  at  the  flywheel  was  10  per  cent: 

Loss  of  theoretical  heat  energy  at  a  steam  plant. 

Per  cent. 
Losses  due  to  imperfect  combustion,  heat  absorbed  In  ashes, 

moisture,  etc.,  heat  in  flue  gases,  radiation,  etc 25 

Loss  due  to  latent  heat  in  exhaust  steam 60 

Loss  in  steam  pipes  and  auxiliaries 3 

Loss  due  to  friction  in  steam  engines 2 

90 
The  producer-gas  engine,  on  the  other  hand,  has  a  much  higher 
efficiency,  20  to  30  per  cent  being  not  unusual  in  actual  practice. 
Recent  exhaustive  shop  tests  of  a  number  of  first-class  foreign-built 
producer-gas  engines  ranging  in  power  from  70  to  120  horsepower 
gave  thermal  efficiencies  at  full  load  of  31.3  to  34.9  per  cent  and  a 
coal  consumption  of  0.72  to  0.623  pound  per  brake  horsepower-hour. 
The  following  table  shows  the  distribution  of  losses  in  a  producer- 
gas  plant  operating  with  similar  economy  to  the  steam  plant  cited 
above: 

Thermal  losses  in  producer-gas  plant. 

Per  cent 

Loss  in  gas  producer 15 

Loss  in  water  Jaclcet 21 

Loss  from  radiation  and  friction 4 

Loss  in  exhaust  gases 35 

76 

COST  or  EXECTRIC   CUBRENT. 

If  the  line  of  an  established  electric-power  company  runs  near 
enough  to  the  tunnel  plant,  it  may  be  cheaper  to  buy  power  than  to 
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generate  it.  Such  a  concern  is  in  a  position  to  utilize  a  waterfall  too 
distant  to  warrant  its  development  for  a  single-tunnel  project,  and 
by  distributing  a  large  amount  of  power  among  many  permanent  cus- 
tomers is  enabled  to  sell  it  very  cheaply.  The  price  of  current  usually 
ranges  from  IJ  to  2  cents  per  kilowatt-hour.  On  the  Los  Angeles 
Aqueduct  the  power  used  at  all  the  tunnel  plants  was  obtained  from 
a  private  transmission  line  operated  by  a  separate  department  of  the 
aqueduct  organization,  and  a  flat  rate  of  1^  cents  per  kilowatt-hour 
for  power  was  charged  against  each  tunnel,  which  was  estimated  to 
be  sufficient  to  operate  the  system  and  eventually  pay  for  its  installa- 
tion. At  a  tunnel  in  Colorado  a  flat  rate  of  $2.50  per  horsepower- 
m<mth  is  charged,  to  which  is  added  1^  cents  per  kilowatt-hour  used. 
On  a  24-hour  day  basis  this  is  equivalent  to  IJ  cents  per  kilowatt- 
hour.  At  another  tunnel  in  Colorado,  2  cents  per  kilowatt-hour  is 
the  price  of  current.  At  a  third,  the  power  for  the  compressor  costs 
$5.50  per  horsepower-month,  which  is  equivalent  to  1  cent  per  kilo- 
watt-hour on  a  24-hour  day  basis;  but  at  the  same  .tunnel  2  cents 
per  kilowatt-hour  is  charged  for  the  current  used  in  the  motor  gener- 
ator set  that  operates  the  trolley  system,  making  the  average  cost 
for  the  total  power  used  approximately  1^  cents  per  kilowatt-hour. 
At  one  tunnel  plant  using  much  power  the  current  is  said  to  have 
cost  only  i  cent  per  kilowatt-hour,  an  exceptionally  low  figure,  but 
in  this  case  other  considerations  were  involved  that  really  made  the 
cost  of  the  electricity  greater. 

The  following  schedule  is  used  by  a  number  of  western  hydroelec- 
tric companies,  who  claim  that  this  rate  and  method  of  making  a 
charge  is  "  fair  and  rational." 

Schedule  of  charges  for  electricity. 


Horsepower. 

Fixed  charge 
permontli 
per  horse- 
power of 

demuid. 

Energy  charge. 

FortheflrstlOO 

13.26 
2.25 
1.75 
1.00 

Add  for  all  energy  used  as  shown  by 

For  the  next  400 

meter  13  mills  per  kilowatt-hour  for 
the  first  40,000  kilowatt-hours  used 

Pw  the  next  500 

For  en  additional 

each  month,  and  5  mills  per  kilowatt- 

hour  for  all  additional  energy. 

The  maximum  demand  is  determined  by  the  company  by  meters, 
disregarding  starting  peaks  and  peaks  due  to  short  circuits  or  acci- 
dents to  user's  apparatus. 


COST  DUE  TO  INTEREST  AND  DEPRECIATION. 


The  charge  for  interest  per  unit  of  power  is  dependent  upon  the 
amount  of  capital  invested,  but  that  for  depreciation  depends  on  sev- 
eral factors.    In  the  case  of  water  power  a  dam  or  a  ditch  would 
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have  little  salvage  value  after  the  completion  of  the  tunnel;  more 
might  be  realized  from  a  pipe  line  or  flume,  and  still  more  from  the 
machinery  in  the  power  house.  A  similar  analysis  may  be  made 
for  other  means  of  producing  power.  Both  interest  and  depreciation 
charges  are  dependent  also  on  the  number  of  hours  the  plant  is  used 
daily,  it  being  evident  that  if  a  plant  be  used  24  hours  instead  of 
12  the  same  total  cost  for  interest  and  practically  the  same  total 
loss  by  depreciation  will  be  distributed  over  double  the  nimiber  of 
horsepower-hours,  and  hence  be  proportionally  less. 

CONCLUSIONS. 

In  choosing  the  power  to  be  used  for  tunnel  plants,  a  waterfall  or 
rapid,  if  either  is  available,  should  have  first  consideration.  The 
chief  arguments  in  favor  of  water  power  are  as  follows:  No  fuel  is  re- 
quired ;  the  cost  for  attendance  and  repairs  is  a  minimum ;  the  power 
is  comparatively  reliable,  obviating  losses  from  interruptions  of  serv- 
ice. The  factor  that  may  prohibit  its  selection  is  a  high  cost  of  in- 
stallation and  resulting  large  charge  for  interest  and  depreciation 
per  unit  of  power.  This  consideration,  dependent  entirely  upon  local 
conditions,  usually  determines  the  adoption  or  rejection  of  %  possible 
water-power  plant.  Again,  where  water  power  is  not  obtainable 
directly  at  the  tunnel  plant,  if  it  can  be  procured  from  a  waterfall  in 
the  neighborhood,  the  essential  factors  remain  the  same,  except  that 
a  means  of  transmitting  the  power,  such  as  air  or  electricity,  must  be 
selected  and  the  cost  of  the  transmission  system  must  be  included  in 
the  cost  of  installation.  Another  possible  means  of  obtaining  the 
advantages  of  water  power  is  current  purchased  from  an  established 
hydroelectric  company.  In  such  case,  to  the  price  of  the  power  should 
be  added  the  cost  of  attendance  at  the  tunnel  plant  and  the  interest 
and  depreciation  charges  on  the  necessary  equipment.  Allowance 
must  be  made  for  interruptions  to  service,  which  are  neither  unusual 
nor  avoidable,  in  long-distance  electrical  transmission. 

The  choice  of  machinery  for  utilizing  water  power  is  also  largely 
governed  by  local  conditions.  As  high  heads,  for  which  impulse 
wheels  are  especially  adapted,  are  generally  to  be  found  where  water 
power  is  available  for  tunnel  work,  this  type  of  machine  is  properly 
chosen  in  most  instances.  Turbine  wheels  may  be  used  where  the 
water  is  clear  or  can  be  settled  in  a  reservoir.  The  hydraulic  com- 
pressor, although  practically  automatic  and  entailing  only  a  small 
operating  expense,  is  so  costly  to  build  that  it  is  scarcely  to  be  con- 
sidered, except  for  plants  much  larger  than  those  designed  for  tunnel 
work. 

If  water  power  were  not  available  and  electricity  were  not  pur- 
chasable, a  steam  plant  would,  according  to  usual  practice,  be  in- 
stalled.   This  choice  is  difficult  to  understand  unless  it  be  attributed 
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to  the  supposed  unreliability  of  the  gas  producer.  The  usual  steam 
plant  for  tunnel  purposes  is,  as  has  been  shown,  very  inefficient  in  its 
utilization  of  the  energy  of  coal  and  has  a  fuel  consumption  rarely 
less  than  4  or  6  pounds  per  horsepower-hour.  As  regards  cost  of  in- 
stallation, the  balance  is  slightly  in  favor  of  steam,  but  not  sufficiently 
so  to  overcome  the  disadvantage  of  higher  operating  cost. 

The  producer-gas  plant  on  the  other  hand,  is  several  times  more 
efficient  in  its  utilization  of  heat  energy,  producing  a  brake  horse- 
power per  hour  at  some  plants  with  as  little  as  1  pound  of  coal. 
With  a  producer  it  is  also  possible  to  utilize  cheaper  grades  of  fuel. 
The  manufacturers  of  air  compressors  have  recently  adapted  their 
machines  for  use  with  internal-combustion  engines.  It  would  seem, 
therefore,  if  a  plant  using  fuel  were  necessary  that  the  installation  of 
a  producer-gas  plant  under  most  conditions  would  be  more  desirable 
that  a  steam  plant. 

As  a  means  of  transmitting  power  for  any  great  distance  the  bal- 
ance is  preponderantly  in  favor  of  electric  transmission  at  high  ten- 
sion. In  tunnel  work  and  over  comparatively  short  distances  com- 
pressed air  is  able  to  compete  with  it,  because  the  air  drills  require 
this  form  of  power  for  their  operation.  When  it  is  necessary  to 
obtain  power  from  coal  there  seems  to  be  a  field  for  producer-gas 
transmission  in  the  medium  distances,  where  the  cost  of  the  line 
and  the  power  losses  in  transmission  prohibit  the  use  of  air,  but  where 
the  cost  of  the  extra  electrical  machinery  is  still  not  warranted  by 
the  saving  in  cost  of  line. 

AIB  COMPBESSOBS. 

Many  factors  should  be  considered  in  selecting  an  air  compressor. 
Motive  power  and  capacity  have  to  be  considered  first ;  then,  perhaps, 
the  type  of  the  compressor.  The  methods  of  regulation  under  vary- 
ing load  likewise  deserve  attention,  as  do  cooling  and  devices  for 
removing  moisture  from  the  air. 

The  most  familiar  types  of  air  compressor  consist  essentially  of  a 
cylinder  in  which  air  is  compressed  by  a  piston.  Automatic  devices 
are  provided  for  admitting  and  delivering  air,  and  a  flywheel  is 
required  to  keep  the  piston  moving  smoothly.  When  steam  or  inter- 
nal-combustion engines  are  the  prime  movers  they  are  usually, 
although  not  necessarily,  incorporated  with  the  compressor^  the  power 
and  air  pistons  being  connected  by  a  common  piston  rod  or  engine 
shaft  Where  water  or  electricity  is  employed  the  compressor  usually 
is  belted  to  the  prime  motor,  the  flywheel  of  the  compressor  serving 
cs  a  pulley.  But  there  is  a  growing  demand  for  the  direct-connected 
electrically  driven  machine,  in  which  the  electric  motor  forms  an  in- 
tegral part  of  the  compressor,  the  armature  serving  as  a  flywheel. 
Such  machines  are  now  supplied  by  all  the  leading  manufacturers. 
17164"— BnU.  57—14 5 
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Direct-connected  air  compressors  driven  by  water  power  are  also 
obtainable;  the  water  wheel  serves  as  a  flywheel  for  the  compressor. 
Air  compressors  of  an  entirely  different  type,  (grating  on  the  prin- 
ciple of  the  reverse  turbine,  have  recently  been  placed  on  the  market. 
They  are  especially  adapted  to  take  advantage  of  the  high  rotative 
speed  of  electric  motors  and  steam  turbines.  Although  the  Taylor 
hydraulic  system  is,  strictly  speaking,  an  air  compressor,  it  has  been 
described  (pp.  47-49)  as  a  means  of  utilizing  water  power  and  will 
not  be  discussed  here. 

POWEB. 

Although  the  kind  of  motive  power  selected  for  a  given  plant  is 
generally  predetermined  by  local  conditions,  the  amount  of  power 
required  is  worthy  of  brief  discussion.  Rix*  states  that  in  com- 
pressing air  from  atmospheric  pressure  to  90  or  95  pounds,*  20 
brake  horsepower  must  be  delivered  at  the  flywheel  shaft  of  a 
reciprocating  compressor  for  every  100  cubic  feet  per  minute  of  pis- 
ton displacement,  this  figure  being  deduced  as  the  average  result  of 
a  number  of  tests  of  air-compressor  plants,  the  capacities  of  almost 
every  kind  of  compressor  being  compared  with  the  motive  power 
required.  Rii  also  states  that  the  figures  of  power  required  as 
given  in  trade  catalogues  are  usually  somewhat  lower  than  this 
value,  but  such  figures  are  theoretical  and  do  not  take  into  considera- 
tion the  mechanical  or  volumetric  efficiency  of  the  compressor.  The 
following  tables  are  computed  from  the  catalogue  of  two  leading 
manufacturers  of  a  popular  type  of  compressor  and  show  the  rated 
brake  horsepower  per  100  cubic  feet  of  cylinder  displacement  when 
the  final  gage  pressure  is  100  pounds. 

Relation  between  required  brake  horsepower  and  capaoitv  of  2  air  compressors^ 
each  compressing  to  100  pounds  per  square  inch. 


Compressor  A. 

Compressor  B. 

Capacity  (caljio  feet  per 

Brake  horsepower 

required  for  each 

100  cubic  feet  of 

displacement. 

Capacity  (cubic  feet  per 
mmute). 

required  for  each 

100  cubic  feet  of 

displaoemeot. 

144 

18.7 
18.5 
18.4 
18.3 
18.1 
18.0 
17.8 
17.7 
17.7 

248 

19.3 
19  2 

347 

338 

872 

637 

18  1 

634 

680 

18  1 

704 

873 

18,0 

1,051 

1,056  . 

18  0 

1312 

1,188 "\..\     '  .  . 

18.0 

I,e92 

1,414 

17  9 

2381 

1346 

17  9 

•  Riz,  E.  A.,  Compressed-air  calcnlationB :  Address  before  the  mlnlnsr  asaociatlon  of  the 
Uniyerslty  of  Califomla,  Feb.  19,  1908;  reprinted  In  Compressed  Air  Mag.,  June,  1908. 
p.  4894. 

» Throughout  this  report  when  air  pressure  la  mentioned  the  figures  given  are  those 
above  atmosphere ;  that  Is,  gage  pressure. 
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It  will  be  observed  that  the  table  supports  the  statement  made  by 
Bix,  and  that  even  in  spite  of  the  increased  final  pressure,  the  values 
are  somewhat  less  than  the  one  he  proposes.  They  also  show  that  in 
machines  of  large  capacity,  proportionally  less  power  is  required. 

The  following  table,  based  on  published  figures,  shows  the  amount 
of  power  required  or  provided  per  100  cubic  feet  of  free  air  actually 
compressed  at  several  turbocompressor  plants: 

Power  con9umptiofi  of  turhocompressors. 


PnaBore,  pounds  per  square  inch. 

Capacity,  cubic 

feet  of  free  air  per 

minbte. 

Rated  horaepower 

ofmotororencine 

perlOOcubicfeet 

of  free  air  when 

compreashig  to 

stated  pressure. 

Actual  horsepower 
required  to  com- 
press 100  cubic  feet 
offreeairpermin- 
ute  to  stated  pres- 
sure. 

10 

4,600 
21,250 
20,000 
22,000 

21.8 
18.8 

m 

17.0 

U5 

18.5 

ITO 

18.2 

CAFAcmr. 

The  capacity  of  compressors  is  rated  in  free  air,*  and  in  reciprocat- 
ing machines  is  based  equally  on  speed  and  on  the  piston  displace- 
ment— ^the  number  of  cubic  feet  of  cylinder  space  swept  by  the  piston 
each  minute  at  the  given  speed.  However,  there  are  unavoidable 
losses  in  volume  because  of  clearance,  piston  speed,  leakage,  and  ex- 
pansion, the  sum  of  which  may  amount  to  as  much  as  30  per  cent  of 
the  rated  capacity  in  a  single-stage  compressor  at  100-pound  pressure. 
The  capacity  of  turhocompressors  is  based  on  the  volume  of  free 
air  drawn  into  the  intake  per  minute.  Although  some  of  the  more 
carefuDy  designed  reciprocating  compressors  may  give  a  volumetric 
efficiency  as  high  as  90  per  cent,  for  compressors  such  as  are  cus- 
tomarily employed  in  power  plants  for  tunnels  80  per  cent  is  more 
likely  to  be  the  figure,  and  although  the  tables  in  manufacturers' 
catalogues  of  air  drills  are  in  the  main  fairly  accurate  for  new  drills, 
the  air  consumption  may  be  greatly  augmented  as  parts  become 
worn.  Moreover,  provision  must  be  made  for  pipe-line  leakage  and 
for  air  required  by  drill  sharpeners,  blacksmith  forges,  and  an  extra 
small  drill,  if  one  is  used,  for  blocking  and  trimming.  It  is  therefore 
most  desirable  to  have  the  air  compressors  considerably  oversized 
as  based  on  catalogue  rating,  and  in  tunnel  practice  the  oversize 
usually  ranges  from  100  to  150  per  cent.  The  following  table  shows 
a  comparison  between  the  rated  compressor  capacity  and  the  desig- 

*Free  air  t»  air  at  atmospheric  (14.7  poondB)  pressure  and  at  a  temperature  of  60^  F. 
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nated  air  consumption  for  the  drills  employed  at  several  tunnels  and 
adits: 

Belatian  hettoeen  compressor  captioity  and  air  consumption  of  drills. 


Catalogue  figures  for 
ccAnpreasor. 

DiUla. 

Amtude. 

Owaixe 

Tunnel. 

Speed. 

Capacity. 

Number 

in  head. 

ing. 

Stated  air 

canramp- 

tioo. 

of  com- 
ptenor.* 

Carter 

S,  p. «. 
150 
165 
160 
150 
175 
190 
175 
165 
175 

Cttbkfeet 
permingg. 

602 
736 
544 
487 
247 
427 
680 
427 

Oubkfeet 
permUnUe. 
230 
250 
185 
260 
200 
100 
190 
300 
300 

• 

Feet, 
9,000 
8,000 
3,000 
8,000 
8,000 
1200 
10,000 
6,000 
7,000 

Percent,'^ 
280 

Iiflrftinl<*-PfflidrR 

140 

Elizabeth  Lake 

800 

Lnoania 

120 

^^an^ftll-Riiw^nll 

140 

MiBrf^m 

150 

Rawley 

120 

Snake  Creek 

125 

Stxawberry 

40 

a  Not  including  drill  sharpeners,  forges,  or  leakage  in  pipe  lines. 

The  loss  of  effective  compressor  capacity  through  leaky  pipe  lines 
is  not  fully  realized  at  many  plants  and  no  steps  are  taken  either  to 
determine  the  amount  of  this  waste  or  to  prevent  it.  If  the  pipe 
lines  are  constructed  with  great  care  and  covered  so  as  to  protect 
them  from  accident  or  from  extremes  of  temperature,  the  loss  by 
leakage  may  be  almost  negligible,  but  if  they  are  not  well  built  or  if 
the  surface  lines  are  exposed  to  injury  from  numerous  causes — not 
the  least  being  diurnal  and  seasonal  variation  in  temperature — and 
those  underground  are  liable  to  be  struck  by  falling  rock  or  derailed 
cars,  the  leakage  is  likely  to  be  considerable,  and  the  lines  should  be 
tested  at  short  intervals  in  order  that  the  loss  may  be  ascertained 
and  stopped.  If  reciprocating  compressors,  driven  either  by  steam 
or  water  power,  are  used,  the  leakage  can  be  easily  ascertained  by 
closing  all  of  the  outlet  pipes  from  the  line  and  noting  the  number  of 
strokes  per  minute  necessary  to  maintain  the  desired  pressure;  but  if 
turbocompressors  are  used,  unless  the  output  at  different  speeds  and 
pressures  has  been  carefully  determined  and  tabulated,  the  leakage 
can  best  be  ascertained  by  stopping  the  compressor  when  the  receiver 
and  lines  are  filled,  allowing  the  pressure  to  drop  to,  say,  50  per  cent, 
then  starting  the  machine  and  noting  the  time  required  for  the 
pressure  to  reach  the  original  point  Although  this  course  does  not 
give  exact  results,  still  it  will  furnish  a  useful  index  to  the  rate  of  leak- 
age, and  is  so  simple  that  one  might  think  it  ought  to  be  in  general 
use.  Unfortunately,  the  habit  of  workmen,  especially  the  "chain 
gang,"  seems  to  be  to  assume  that  all  air  lines  are  much  freer  from 
leaks  than  they  really  are.  A  few  years  ago  at  a  lai^  western 
mine,  where  a  great  number  of  drills,  drill  sharpeners,  and  pumps 
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were  driven  by  compressed  air,  when  the  required  pressure  could  not 
be  maintained,  bids  for  a  new  and  expensive  compressor  were  asked 
for,  but  the  management  thought  of  testing  the  pipe  lines  by  the 
method  indicated  above,  and  it  was  discovered  that  1,100  horsepower 
was  being  used  .to  supply  the  loss  by  leakage.  In  this  case  the  ^^  chain 
gang,"  instead  of  the  machine  shop,  "  got  busy  "  and  in  a  week  the 
waste  of  air  was  so  reduced  that  instead  of  another  compressor  being 
bought  one  of  the  largest  of  those  in  use  was  shut  down. 

TYPES. 

Reciprocating  air  compressors  may  be  divided  into  two  general 
types:  "Straight  line,"  sometimes  called  "tandem,"  and  duplex. 
Either  t3ri)e  may  be  single  stage  if  the  air  reaches  its  final  pressure 
in  one  cylinder,  or  multistage  if  the  compression  is  completed  in  a 
second,  third,  or  even  a  fourth  cylinder. 

STBAIOHT-UNX  COMPBESSOBS. 

In  a  tandem  compressor,  if  it  be  driven  by  steam  or  an  internal- 
oombustion  engine,  the  power  and  air  cylinders  have  a  common 
piston  rod  and  the  power  is  applied  in  a  straight  line.  The  flywheels, 
of  which  there  are  usually  two,  may  be  at  either  end  or  between  the 
cylinders  and  are  connected  to  the  piston  rod  by  a  crosshead  and 
ordinary  connecting  rods.  If  the  tandem  compressor  be  driven  by 
electricity  op  water,  practically  the  only  change  is  the  omission  of 
the  power  cylinder. 

DUPLEX  COMPBESSOBS. 

A  duplex  compressor  consists  of  two  tandem  compressors  placed 
side  by  side  and  having  between  them  a  flywheel  on  a  common  shaft. 
The  two  sides  are  connected  to  the  flywheel  shaft  by  cranks  set  at  90°. 
SO  that  when  one  side  is  encountering  maximum  resistance  the  other 
is  working  under  the  lightest  load.  Many  different  combinations 
are  possible.  The  steam  cylinders  •  may  or  may  not  be  compounded, 
and  the  air  cylinders  may  be  single  stage  or  multistage.  Again  the 
steam  cylinders  may  be  omitted  and  the  power  transmitted  to  the 
machine  by  a  belt  or  by  a  direct-connected  motor. 

TUBBOCOMPBESSOBS. 

The  working  principle  of  a  turbocompressor  (fig.  5)  is  that  of 
a  reversed  turbine,  air,  instead  of  water  or  steam,  being  the  fluid 
acted  upon.  Such  a  compressor  consists  essentially  of  a  revolv- 
ing impeller,  not  unlike  that  of  some  centrifugal  fans,  surrounded 
by  stationary  discharge  vanes  supported  in  a  suitable  casing.    The 

•  Internal-eombnsion  engtneB  have  not  as  yet  been  applied  to  this  type  of  compressor. 
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discharge  vanes  recover  the  major  part  of  the  energy  that  exists  as 
velocity  in  the  air  leaving  the  impeller,  which  is  roughly  almost  one- 
half  of  the  total  energy  supplied 
from  the  driving  machine,  and 
convert  this  velocity  into  available 
pressure.  In  a  centrifugal  fan, 
which  has  no  such  vanes,  this  en- 
ergy is  lost  as  heat  produced  by 
eddies  and  fnction ;  hence  it  is  not 
difficult  to  see  why  a  turbocom- 
pressor  is  more  efficient.  Single- 
stage  turbocompressors  are  ^n- 
ployed  chiefly  in  metallurgical 
plants,  at  blast  furnaces  and  cupo- 
las, and  could  be  used  for  mine 
ventilation;  but,  if  a  high  pres- 
sure is  required,  such  as  that 
needed  by  rock  drills  and  other 
pneumatic  machinery,  several  im- 
peller units  are  mounted  in  series 
on  a  common  shaft  within  a  com- 
mon casing,  the  air  from  the  first 
set  of  discharge  vanes  going  to  the 
intake  of  the  second  impeller,  and 
so  on.  Compressors  producing  a 
pressure  of  170  pounds  and  having 
as  many  as  29  stages  have  been 
constructed,  but  if  so  many  stages 
are  employed  the  impellers  are 
usually  mounted  in  groups  of 
four  to  ten. 

Turbocompressors  are  just  be- 
ginning to  be  made  in  this  coun- 
try, but  they  have  been  in  use 
for  several  years  in  Germany, 
where  their  design  and  manu- 
facture have  already  reached  a 
high  degree  of  perfection.  The 
first  large  turbocompressor  was 
built  in  1909  for  the  Reden  mines 
near  Swarbrucken.  It  is  driven 
by  a  1,000-horsepower,  mixed- 
pressure  steam  turbine  at  4,200 
revolutions  per  minute,  and  com- 
presses 4,600  cubic  feet  of  free  air  per  minute  to  a  gage  pressure 
of  90  pounds  to  the  square  inch.    Rather  r^ently^  six^motpr-driven 
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compressors  of  this  kind  were  built  in  Germany  to  supply  power  for 
the  Rand  mines  in  South  Africa,  each  of  them  being  driven  by  two 
2,000-horsepower  synchronous  motors  running  at  3,000  revolutions 
per  minute.  The  compressors  have  a  rated  capacity  of  compressing 
21,250  cubic  feet  of  free  air  per  minute  at  68*^  F.  to  118  pounds  pres- 
sure per  square  inch.  In  a  test,  when  compressing  23,750  cubic  feet  of 
free  air  per  minute  to  100  pounds  pressure,  the  energy  of  consumption 
per  100  cubic  feet  of  free  air  was  17  horsepower,  and  the  highest 
isothermal  efficiency  obtained  was  67.04  per  cent.  The  first  large 
turbocompressor  built  in  this  country  went  into  service  in  May,  1911, 
and  has  been  in  continuous  operation  ever  since;  it  is  driven  by  a 
steam  turbine  at  4,700  revolutions  per  minute  and  has  a  capacity  of 
3,500  cubic  feet  of  free  air  per  minute  delivered  at  a  pressure  of  105 
pounds  per  square  inch. 

For  material  relative  to  other  of  the  numerous  makes  of  air  com- 
pressors the  reader  is  referred  to  the  trade  catalogues  of  the  manu- 
facturers, who  will  be  glad  to  supply  information  and  to  render 
assistance  in  the  selection  of  a  compressor. 

OOKPABISONS. 

The  chief  advantages  of  the  straight-line  compressor  are  strength, 
simplicity,  compactness,  and  ease  of  installation.  It  is  usually  self- 
contained,  being  mounted  on  a  single  bedplate,  and  requires  rela- 
tively inexpensive  foundation.  The  frictional  losses  in  a  good  ma- 
chine of  this  type  are  not  large,  and  it  may  have  a  fairly  good 
power  economy  at  or  near  full  load  with  moderate  pressures.  These 
features  make  it  advantageous  for  less  accessible  plants  or  those 
that  are  somewhat  temporary. 

A  great  advantage  of  the  duplex  type  is  the  facility  with  which 
either  steam  or  air  cylinders  may  be  "compounded"  without  in- 
creasing materially  the  number  of  parts.  Hence  the  duplex  type 
can  take  advantage  of  the  great  saving  in  power  resulting  from  com- 
pound steam  cylinders  as  well  as  of  the  economy  resulting  from 
two-stage  air  compression.  Practical  experience  with  the  two  types 
of  machines  fully  confirms  the  theoretical  investigations  of  their 
comparative  efficiency,  and  carefully  conducted  tests  extending  over 
long  periods  of  time  have  established  the  economical  superiority  of 
the  duplex  type.  This  type,  also,  if  properly  designed,  shows  little, 
if  any,  greater  mechanical  losses  through  friction,  etc.,  than  the 
straight  line,  and  it  is  much  more  easily  regulated  under  varying 
loads.  Most  duplex  compressors  are  now  made  with  a  substantial 
sabbase  that  gives  them  a  strength  and  rigidity  comparable  with 
those  of  the  straight-line  type,  reduces  the  outlay  for  foundation, 
and  thus  meets  some  of  the  conditions  that  have  until  recently  been 
so  much  in  favor  of  that  type.    The  result  is  that,  with  perhaps 
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a  half  dozen  exceptions,  the  air  compressors  at  the  tunnel  plants 
examined  were  of  the  duplex  type. 

The  entire  absence  of  valves,  reciprocating  parts,  and  sliding 
friction  in  the  turbocompressor,  together  with  its  freedom  from 
vibration,  its  high  capacity  in  proportion  to  weight  and  to  floor 
space  occupied,  and  its  ability  to  take  advantage  of  the  high  ro- 
tative speeds  of  electric  motors  and  steam  turbines,  is  certain  to 
bring  it  into  general  use.  Using  live  steam,  condensing  or  non- 
condensing  turbine-engine  turbocompressor  units  can  compete  suc- 
cessfully with  the  highest  grades  of  reciprocating-engine  compressor 
plants;  moreover  they  can  successfully  utilize  exhaust  steam  from 
engines,  pumps,  or  other  apparatus,  which  forms  one  of  the  cheapest 
possible  sources  of  power,  because,  by  utilizing  steam  that  would 
otherwise  go  to  waste,  the  cost  of  fuel  is  practically  nothing. 

Another  advantage,  and  one  that  may  easily  be  overlooked,  is  the 
fact  that  the  turbocompressor  practically  eliminates  the  danger  of 
explosions  in  air  receivers  and  pipe  lines.  The  cylinders  of  piston 
compressors  must  be  lubricated,  and  the  lubricating  oil,  which  be- 
comes finely  divided,  has  ample  opportunity  to  mix  with  the  air 
being  compressed  and  to  be  carried  with  it  into  the  receiver,  but  in 
the  turbocompressor  only  the  bearings  require  lubrication,  and  to 
these  the  air  being  compressed  has  no  access. 

When  an  electric  motor  or  water  wheel  is  the  source  of  power^  the 
turbocompressor  may  be  easily  connected  to  either  without  loss  from 
speed  reduction  and  friction,  a  feature  that  renders  the  combination 
highly  desirable.  The  turbocompressor  is  readily  adapted  to  auto- 
matic control  and  may  be  regulated  for  the  delivery  of  a  constant 
volume  or  constant  pressure,  as  required.  Its  eflSciency  is  maintained 
over  a  wide  range  of  load  within  a  few  per  cent  of  the  maximum, 
and  the  efficiency  does  not  decrease  with  continued  service. 

BEGULATION. 
BTEAli-DRIVEN  COKPBEBSOBS. 

Although  changing  the  load  changes  the  speed  of  any  steam-driven 
machine,  such  change,  especially  with  high  air  and  steam  pressure, 
is  to  the  advantage  of  the  straight-line  compressor,  because  this 
type  will  not  run  satisfactorily  at  low  speeds  on  account  of  the  insuffi- 
cient momentum  of  the  flywheel.  To  avoid  stoppage,  either  the  steam 
cut-off  must  be  lengthened,  involving  a  loss  of  steam  as  the  machine 
speeds  up  to  supply  more  air,  or  the  steam  must  not  be  decreased 
below  a  fixed  limit,  and  when  the  demand  for  compressed  air  falls 
below  that  supplied  regularly  by  the  machine  the  excess  must  be  per- 
mitted to  escape  through  a  safety  valve.  Either  of  these  operations 
entails  loss  of  power.  For  this  reason  the  straight-line  compressor 
can  not  operate  economically  much  below  40  per  cent  of  full  load. 
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In  the  matter  of  regulation  of  steam-driven  ccxnpressors  the  duplex 
has  an  unquestioned  advantage  over  the  straight-line  type.  The  quar- 
tered cranks,  in  addition  to  minimizing  strains  and  reducing  extremes, 
enable  one  cylinder  to  come  to  the  help  of  the  other  just  at  the  time 
when  that  help  is  most  beneficial.  There  can  be  no  dead  center  and 
the  machine  will  run  so  slowly  as  hardly  to  turn  over  if  the  com- 
pressed air  in  the  receiver  is  not  being  drawn  upon,  and  will  speed 
up  rapidly  as  the  demand  for  air  increases,  no  change  in  the  cut-oif 
being  necessary.  The  duplex  machine,  therefore,  has  about  the  same 
fcteam  economy  over  the  full  range  of  load,  without  any  loss  of  com- 
pressed air  at  the  safety  valve. 

The  regulation  of  the  turbocompressor  when  steam-turbine  driven 
is  merely  a  matter  of  controlling  the  steam  admitted  to  the  turbine. 

WATER-DBIVEN    COMPRESSORS. 

C!ompressors  ariven  by  impulse  wheels  may  be  regulated  by  several 
devices,  including  the  deflecting  nozzle,  the  needle  nozzle,  and  the 
cut-off.  The  deflecting  nozzle  is  provided  with  a  ball-and-socket 
joint  and  is  controlled  by  air-receiver  pressure  in  such  a  manner  that 
a  part  of  the  stream  of  water  may  be  shifted  on  or  off  the  buckets 
of  the  wheel,  thus  increasing  or  decreasing  the  power  developed. 
The  nozzle  may  be  stationary  and  a  steel  plate  may  be  made  to  deflect 
the  stream  of  water.  The  needle  nozzle  is  merely  a  discharge  valve 
in  which  the  movement  of  a  conical  needle  diminishes  or  increases 
the  amount  of  water  passing  through.  The  cut-off,  also,  regulates 
the  quantity  of  water  discharged,  a  tight-fitting  plate  being  shifted 
across  the  nozzle  tip.  The  deflecting  devices  can  vary  the  power 
rapidly,  but,  of  course,  waste  water;  the  reverse  is  true  of  the 
other  devices.  For  timnel  plants,  however,  as  water  economy  is  rarely 
an  essential  consideration  and  variations  in  load  are  frequent  and 
sudden,  the  deflecting  devices  are  most  suitable. 

ELECTRICALLY  DRIVEN  COMPRESSORS. 

In  any  reciprocating  machine  the  volume  of  air  compressed  varies 
with  the  number  of  piston  strokes  per  minute.  In  the  turbine  com- 
pressor this  volume  depends  on  the  rotative  speed.  In  electrically 
driven  reciprocating  compressors,  whether  direct-connected  or  belted 
to  a  motor,  the  speed  has  to  be  reasonably  constant  and  can  not  be 
varied  to  meet  fluctuations  in  the  demand  for  air,  and  as  economy 
obviously  forbids  the  discharge  of  excess  compressed  air  through 
a  safety  valve,  "  unloaders  "  must  be  provided  to  overcome  the  diffi- 
culty. 

Vnloaders. — ^The  more  common  type  of  unloader  limits  the  amount 
of  air  admitted  to  the  compressor.  A  valve  in  the  free-air  intake 
pipe  is  controlled  by  the  pressure  in  the  air  receiver,  so  as  to  throttle 
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the  admission  of  air  when  the  load  is  light,  and  allows  more  to  enter 
when  the  demand  for  air  increases.  The  device  may  be  employed 
successfully  with  turbocompressors,  but  with  riciprocating  machines 
it  has  objections,  because  when  the  machines  are  running  with  a 
partly  throttled  inlet,  the  air  drawn  into  the  cylinder,  being  of 
smaller  volume,  is  rarefied  and  on  the  return  stroke  of  the  piston 
is  compressed  through  a  greater  range  of  pressure,  so  that  the  tem- 
peratures are  higher  than  ordinary  and  may  reach  unsafe  limits, 
especially  if  the  terminal  pressure  is  great  This  feature  is  not  so 
important  with  turbocompressors,  because  the  temperatures,  on 
account  of  the  repeated  cooling  between  stages,  never  become  so 
high  as  in  reciprocating  machines. 

On  some  piston  compressors  the  unloader  employed  is  of  almost 
exactly  opposite  type,  consisting  of  a  device  for  holding  the  intake 
valves  open  whenever  the  air  pressure  reaches  a  predetermined  point; 
it  avoids  the  high  temperatures  developed  with  the  type  previously 
mentioned. 

In  one  type  of  unloader  for  reciprocating  machines  the  excess  air 
is  forced  automatically  into  clearance  tanks,  the  process  being  con- 
trolled by  a  predetermined  receiver  air  pressure.  A  view  of  this 
device,  partly  in  section,  is  shown  in  Plate  II,  A.  Under  normal  full 
load  the  controller  is  inoperative,  but  at  less  than  full  capacity  some 
of  the  compressed  air  is  forced  into  the  tanks  instead  of  through 
the  discharge  valve,  thus  reducing  the  output.  On  the  return  stroke 
this  air  expands  and  returns  its  stored  energy  to  the  piston.  Th(Bre 
are  8  tanks  in  all,  and  five  equal  and  successive  unloading  stages 
are  possible  by  throwing  in  respectively  1,  2,  4,  6,  or  all  of  the  tanks. 
The  regulation  is  said  to  be  unaccompanied  by  shock  from  sudden 
variations  in  load,  and  heating  from  excessive  compression  ratios 
is  avoided.  In  fact,  as  there  is  a  little  radiation  from  the  clearance 
tanks,  the  air  is  probably  returned  to  the  cylinder  slightly  cooler 
than  when  it  left. 

Another  method  of  unloading  is  by  holding  open  the  discharge 
valves  of  the  compressor,  and  permitting  compressed  air  instead  of 
free  air  to  fill  the  cylinder  as  the  piston  retreats  so  that  the  pressure 
on  both  sides  of  the  piston  is  balanced.  Although  this  procedure 
unloads  the  compressor  completely  it  has  a  serious  drawback.  As 
the  load  is  resumed,  the  balance  of  pressure  is  disturbed,  one  side  of 
the  piston  being  subjected  to  something  less  than  atmospheric  pres- 
sure, the  opposite  side  being  exposed  to  the  full  pressure  of  air  in  the 
receiver,  the  difference  in  pressure  being  thrown  on  the  piston  in- 
stantly and  maintained  throughout  the  entire  stroke.  The  resulting 
heavy  strain  on  the  compressor  prohibits  the  use  of  this  unloader 
except  in  the  smaller  sizes.    Still  another  type  releases  the  partly 
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A.     ELECTRICALLY  DRIVEN  AIR  COMPRESSOR  WITH  FIVE-STEP  CLEARANCE  REGULATOR. 


n.    VENTILATING  BLOWER  USED  AT  LOS  ANGELES  AQUEDUCT. 
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compressed  air  during  its  passage  from  the  low  fb  the  high  pressure 
cylinders,  but  little  can  be  said  for  this  method  except  that  it  is  not 
so  wasteful  as  releasing  high-pressure  air. 

HEAT  FACTORS. 
HEAT    PRODUCED. 

Heat  is  produced  during  the  compression  of  air,  the  rise  in  tem- 
perature being  largely  dependent  upon  the  ratio  of  the  initial  to 
the  final  pressure.  For  instance,  if  air  at  60^  F.  be  compressed  in  a 
single  stroke  from  atmospheric  pressure  to  100  pounds  gage,  the 
temperature  attained  would  be  485^  F.,  assuming  no  loss  by  radiation 
during  the  process.  On  the  other  hand,  under  the  same  conditions, 
if  thq  final  pressure  were  only  26-pounds  gage,  the  air  would  be 
heated  to  only  233*^  F.,  and  if  it  were  then  cooled  again  to  60®  F.  and 
further  compressed  from  25  pounds  to  100  pounds  gage  the  final 
temperature  would  be  approximately  250°  F.  The  effect  of  the 
increase  in  temperature  is  to  cause  the  air  to  expand  to  a  larger 
volume ;  hence  more  work  is  required  to  compress  it.  If  the  air  could 
be  used  at  once  to  operate  a  motor,  before  any  of  the  heat  escapes 
through  radiation,  etc.,  this  work  could  be  obtained  again  from  the 
air;  but  as  in  mining  work  the  heat  is  almost  without  exception 
entirely  dissipated  in  the  pipe  line  before  the  air  reaches  the  drills, 
the  production  of  heat  during  compression  entails  a  serious  loss  of 
power. 

DANOEBS  OF   HIGH  TEMPEBATUBES.  • 

Aside  from  the  item  of  power  waste,  the  temperature  reached  dur- 
ing compression  has  an  important  bearing  on  the  subject  of  explo- 
sions in  air  lines.  It  can  readily  be  imagined  that  if  the  discharge 
valves  are  not  working  properly  and  somo  of  the  highly  heated  com- 
pressed air  is  allowed  to  reenter  the  cylinder  with  the  fresh  intake 
air,  compression  may  begin  at  a  temperature  much  higher  than 
normal.  In  this  case,  even  with  two-stage  machines,  the  final  tem- 
perature of  the  compressed  air  may  be  gradually  built  up  from  250®  to 
500**,  600°,  or  even  higher.  The  temperature  is  often  high  enough  to 
volatilize  lubricating  oil,  the  vapors  of  which,  mingling  with  the  air, 
may  form  an  explosive  mixture.  If  the  temperature  then  becomes 
high  enough  to  ignite  the  mixture  an  explosion  must  result. 

BEMOVAL  OF   HEAT. 

The  ideal  way  to  prevent  the  evil  effects  of  heat  would  be  to  devise 
some  means  of  removing  it  from  the  air  as  fast  as  produced  during 
compression.  This  is  fairly  approximated  in  turbocompressors. 
With  piston  compressors  such  a  course  is  unfortunately  impossible 
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in  practice,  but  vltrious  devices  partly  accomplish  the  result  A. 
familiar  one  is  to  surround  the  cylinder  with  a  jacket  of  cooling 
water,  the  piston  also  being  sometimes  cooled  in  this  way.  But 
when  one  considers  that  air  is  a  very  poor  conductor  of  heat,  and  that 
at  the  time  when  it  is  hottest  it  occupies  only  the  Tnininrinm  volume 
in  one  end  of  the  cylinder,  and  even  then  for  only  a  short  time,  it 
will  i-eadily  be  seen  that  this  method  can  not  be  very  effective.  In 
some  modern  compressors  the  inlet  valves  are  placed  in  the  piston 
and  the  discharge  valves  in  the  ends  of  the  cylinders  instead  of  in 
the  heads,  thus  permitting  the  heads  to  be  fully  water  jacketed,  a 
practice  that  is  to  be  most  highly  commended.  As  water  jacketing 
is  the  only  means  used  to  cool  the  air  during  single-stage  compres- 
sion, such  machines  are  not  economical  of  power. 

In  two-stage  compressors,  however,  a  part  of  the  heat  is  actually 
removed  during  the  process  of  compression  by  means  of  intercoolers 
provided  for  this  purpose.  The  air  is  only  partly  compressed  in  the 
first  cylinder,  the  heat  produced  being  practically  all  removed  during 
the  passage  of  the  air  through  an  intercooler  on  its  way  to  the  second 
cylinder.  By  removing  the  heat  in  the  intercooler,  the  final  t^npera- 
ture  of  the  air  is  kept  much  lower  than  with  single-stage  compres- 
sion ;  hence  there  is  less  expansion  of  the  air  to  be  overcome,  resulting 
in  a  consequent  saving  of  power.  In  a  properly  designed  two-stage 
machine  compressing  to  100  pounds  gage  this  saving  of  power  is 
approximately  13  per  cent,  and  it  increases  with  the  higher  terminal 
pressures.  If  the  pressure  is  less  than  80  pounds  the  saving  is 
hardly  great  enough  to  be  a  serious  consideration  and  single-stage 
machines  are  customarily  employed  in  such  cases,  but  for  pressure 
higher  than  100  pounds,  two-stage  compression  is  imperative  because 
of  the  high  temperatures  that  are  otherwise  produced.  As  shown  by 
the  following  table,  the  pressure  ordinarily  employed  in  tunnel  plants 
ranges  from  80  to  120  pounds,  averaging  about  100  pounds : 

Compressed-air  pressures  at  different  tunnel  plants. 


Plant. 

Pounds. 

Plant. 

Pounds. 

Plant. 

Pounds. 

Carter 

112 
120 
100 
90 
120 
100 
100 
116 

MarshaU-RuflseU 

Mission 

110 

100 
95  to  100 

110 
90  to  95 

100 
90 

100 

Roosevelt 

110 

Central 

Slwatch    

go 

Gold  Links 

Moodna 

Snake  Creek. 

110 

a^ipTiLvm .         .......    . 

Newtaouse 

Stilwell 

100 

Laramie- Poudre 

NisQually 

85 

Hawley 

Vtfih  Miitals 

110 

Los  Angeles  Aqueduct.. 

Raymond 

WAllrlll 

110 

Lucania 

Rondout 

Yak 

90 

Average 

102 

Because  of  the  many  stages  required  with  turbocompressors  when 
delivering  air  for  use  in  drilling,  the  difference  between  the  pressures 
of  the  air  on  entering  and  leaving  any  one  stage  is  extremely  small 
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compared  with  the  pressure  of  two-stage  reciprocating  machines. 
Hence  the  resulting  increase  of  temperature  in  any  one  step  is  not 
great,  and  the  comparatively  small  amount  of  heat  generated  can  be 
effectively  removed  by  the  use  of  a  suitably  designed  water  jacket. 
Some  idea  of  the  efficiency  obtainable  with  such  a  cooling  system  may 
be  had  from  considering  the  fact  that  ihe  air  delivered  into  the  re- 
ceiver at  105  pounds  pressure  from  the  turbocompressor  mentioned 
on  page  69,  has  a  temperature  of  only  120°  F. 


INTEBOOOLING. 


The  efficiency  of  two-stage  compression  is  dependent  upon  the  inter- 
cooler.  It  is  an  essential  part  of  this  type  of  machine  and  usually 
consists  of  a  shell,  generally  cylindrical  in  shape,  containing  a  num- 
ber of  tubes,  similar  to  those  in  a  tubular  boiler,  through  which  cold 
water  is  made  to  circulate  (fig«  6).    The  heated  air  from  the  low- 


FiouBB  6. — Section  of  an  Intercooler. 

pressmre  (^linder  enters  near  one  end,  passes  through  the  nest  of 
tubes,  its  passage  being  obstructed  by  baffle  plates  to  insure  the 
maximum  contact  between  the  air  and  the  cooling  surface,  and  is 
delivered  at  much  lower  temperature  to  the  high-pressure  cylinder 
at  the  other  end.  The  success  of  the  intercooler  depends  upon  several 
considerations.  In  order  that  the  least  dependence  need  be  placed 
upon  the  heat  conductivity  of  the  air  itself,  which  is  notably  poor, 
the  intercooler  must  subdivide  the  air  completely  and  insure  that  the 
maximum  amount  is  thrown  in  contact  with  the  cooling  surfaces. 
This  is  accomplished  by  properly  spaced  water  tubes  and  baffle  plates. 
At  the  same  time  the  cross  section  of  the  cooler  must  not  be  too  small, 
lest  the  velocity  of  the  air  past  the  cooling  surface  be  so  great  that 
sufficient  time  be  not  allowed  for  the  water  to  absorb  all  the  heat. 
It  is  desirable  also  to  have  the  water  and  air  flow  in  opposite  direc- 
tions in  order  that  the  final  cooling  of  the  air  may  be  effected  by  the 
entering,  and  consequently  the  coldest,  water.  Theoretically  the  cool- 
ing surface  should  be  sufficient  to  absorb  all  the  heat  in  the  air  passed 
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over  it,  and  thus  reduce  the  temperature  to  that  at  which  the  air 
entered  the  low-pressure  cylinder,  but  even  in  good  practice,  owing 
possibly  to  mechanical  difficulties,  intercoolers  usually  fail  to  do  this 
within  5  to  10  or  even  40  degrees. 

MOISTURE  FACTORS. 

The  intercooler  assists  also  in  removing  water  from  the  air.  Nor- 
mal air  always  contains  some  water  vapor,  the  amount  absorbed  being 
determined  by  the  temperature  and  pressure.  In  the  air  compressor 
the  vapor  would  be  condensed  out  of  the  air  as  the  volume  is  re- 
duced were  it  not  that  the  increase  in  temperature  more  than  offsets 
the  effect  of  the  decrease  in  volume,  so  that  actually  the  vapor-hold- 
ing capacity  of  the  confined  air  is  slightly  increased.  As  the  air 
passes  through  the  intercooler  the  temperature  is  lowered  greatly 
and  the  air  gives  up  moisture  which  is  precipitated  in  a  finely  di- 
vided state  and  does  not  settle  for  some  time;  hence  only  a  part  of  it 
can  be  collected  in  the  intercooler  and  drawn  off  through  the  drains 
provided  unless  the  intercooler  is  so  made  as  to  act  also  as  a  mechan- 
ical separator.  Some  moisture  is  swept  along  with  the  air  to  the 
higher  pressure  cylinder  and  revaporized  by  the  temperature  therein. 

ACCESSORIES. 
PBECOOLEB8. 

Cooling  the  air  before  its  admission  into  the  air  compressor  may 
assist  in  removing  some  water  from  it,  and  there  are  a  number  of 
precooling  devices.  One**  improvised  device  consists  simply  of  a 
number  of  odd  pipes  set  between  two  wooden  boxes.  The  pipes  are 
wrapped  with  cloth;  arrangement  is  made  to  have  water  drip  on 
them  constantly,  so  that  the  air  is  cooled  by  evaporation  as  it  is 
drawn  through  the  pipes  from  one  box  to  the  other  on  its  way  to 
the  compressor  intake.  At  a  plant  in  Johannesburg  the  air  for  the 
compressors  is  obtained  through  a  subway  leading  to  the  center  of  a 
building  with  air-tight  roof  and  floors,  and  with  walls  of  constantly 
wetted  cocoa  matting.  At  another  plant  the  sides  and  roof  of  a 
similar  structure  were  covered  with  burlap,  both  inside  and  out.  A 
cooler  of  this  type  also  filters  the  dust  and  grit  that  might  serioudy 
injure  the  cylinder  or  piston  of  the  compressor,  and  can  not  be  too 
strongly  recommended  in  dusty  situations.  Precooling  the  air,  and 
thus  reducing  the  volume  at  a  given  pressure,  increases  the  capacity 
of  the  compressor;  hence  a  greater  weight  of  air  is  drawn  in  and 
compressed  at  each  stroke. 

*  Described  In  Engineering  and  Mining  Journal,  issue  of  Nov.  27,  1909,  p.  1081. 
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AFTEBCOOLEB. 

The  aftercooler*  is  not  generally  employed  in  tunnel  plants.  In 
cooling  the  air  as  this  comes  from  the  high-pressure  cylinder  it  pre- 
cipitates some  of  the  water  vapor  and  also  reduces  the  volume  of  the 
air  and  practically  eliminates  the  danger  of  explosion  in  the  air  line. 
The  water  vapor  is  usually  so  finely  divided  that  all  of  it  does  not 
at  once  fall  out  because  of  the  reduced  temperature,  part  being  swept 
along  with  the  air  and  deposited  both  in  the  air  receiver  and  in  the 
pipe  line.  There  should  therefore  be  provision  for  draining  this 
water.  The  reduction  in  volume  is  somewhat  problematical  and  is 
probably  not*  a  serious  consideration. 

AIB  BECEIVEB8. 

The  air  receiver,  a  cylindrical  shell  of  steel  provided  with  inlet  and 
outlet  pipes  and  usually  a  safety  valve,  is  supposed,  according  to  the 
popular  notion,  to  store,  cool,  and  dry  the  air  and  to  equalize  irr^u- 
laHties  in  its  production  and  use.    In  actual  practice,  however,  the 
receiver  probably  does  little  more  than  partly  to  equalize  irregulari- 
ties.   As  the  receiver  ordinarily  used  in  tunnel  plants  rarely  has  a 
capacity  greater  than  one  minute's  run  of  the  compressor  it  can  not 
possibly  furnish  much  storage  space,  and  as  the  air  in  the  receiver 
is  being  renewed  each  minute,  if  the  compressor  is  in  operation,  its 
velocity  through  the  receiver  must  be  enough  to  prevent  much  cool- 
ing.   The  air  near  the  shell  loses  some  heat,  of  course,  but  this  loss  is 
small  compared  to  the  heat  in  the  mass  of  the  air  nearer  the  center 
of  Uie  receiver,  so  that  the  air  leaves  with  a  temperature  only  slightly, 
if  at  all,  less  than  that  at  which  it  entered.    Furthermore,  as  there  is 
practically  no  cooling  of  the  air  there  can  not  be  much  precipitation 
of  water  vapor.    In  practice,  although  most  air  receivers  are  provided 
with  a  drain  of  some  sort,  only  a  ridiculously  small  quantity  of  water  is 
ever  drawn  off.  On  the  other  hand,  some  receivers  have  actually  become 
combustion  chambers  by  reason  of  oil  and  grease  collecting  on  the 
inside  of  the  shell  and  being  ignited  when  the  temperature  of  the  air 
became  high  enough.    However,  the  receiver  and  the  pipe  line,  which 
may  be  considered  as  supplying  auxiliary  storage  space,  assist  greatly 
in  equalizing  the  pulsations  of  the  air  delivered  from  the  compressor 
and  of  that  used  by  the  drills,  and  in  this  way  it  reduces  the  strains 
on  the  compressor.    By  regulating  the  flow  it  does  not  permit  the  air 
to  attain  a  high  velocity  in  the  pipes,  and  hence  power  is  saved,  as 
the  friction  losses  increase  greatly  with  the  velocity.    To  obtain  the 
ma  Timlin)  benefit  from  this  factor  a  second  receiver  is  often  installed 

'In  design  and  principle  the  aftercooler  Is  practically  the  same  as  an  Intercooler,  and 
wben  used  it  is  generally  placed  hetween  the  compressor  and  the  air  receiver. 
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as  near  as  possible  to  the  place  where  the  air  is  to  be  used.  The  second 
receiver  assists  materially  in  maintaining  a  steadier  air  pressure  at 
the  drills  and  makes  it  possible  to  use  a  smaller  pipe  linew  A.  tubular 
boiler,  which  may  often  be  bought  cheaply  at  second  hand,  makes  an 
excellent  receiver  and  a  very  efficient  cooler.  With  a  vertical  tubular 
boiler  it  is  necessary  only  to  remove  the  fire  and  ash  doors  to  provide 
for  ventilation,  whereas  a  horizontal  tubular  boiler  should  be  placed 
on  an  incline  sufficiently  steep  to  insure  a  rapid  draft  of  outside  air 
through  the  flues. 

DRAINS. 

As  practically  the  entire  cooling  of  the  air  after  it  has  left  the 
compressor  takes  place  in  the  pipe  line,  most  of  the  water  is  pre- 
cipitated there  and  causes  serious  inccmvenience  in  several  ways. 
During  cool  weather,  through  continued  deposition  and  freezing,  the 
pipe  line  may  become  closed  altogether  or  so  restricted  as  to  cause 
serious  drop  in  pressure  or  loss  of  power;  or  the  water  getting  into 
the  exhaust  from  the  drills  may  prevent  their  operation  through 
freezing  at  the  low  temperature  of  the  expanded  air.  The  obvious 
remedy  is  to  remove  the  water,  which  is  done  by  draining  the  low 
places  in  the  line  where  the  water  collects.  This  can  be  accomplished 
automatically  by  the  use  of  any  good  float-design  steam  trap,  but  if 
the  pipe  is  exposed  to  low  temperatures  the  trap  should  be  placed  in 
a  small  pit  or  otherwise  protected  to  prevent  freezing.  If  necessary 
further  provision  for  the  elimination  of  moisture  from  the  compressed 
air  and  water  from  the  pipes  can  be  had  by  placing  in  the  line  any 
high-class  standard  steam  separator,  fitted  with  an  automatic  trap, 
as  described  above.  For  equally  satisfactory  results  a  larger  size  of 
separator  is,  however,  necessary  than  for  steam,  as  the  carrying  power 
of  the  more  dense  compressed  air  is  greater  than  that  of  steam. 

SUMMART. 

A  brief  summary  of  the  factors  that  enter  into  the  problem  of 
selecting  an  air  compressor  follows.  The  power  required  for  both 
reciprocating  and  turbine  machines  is  approximately  18  to  20  brake 
horsepower  for  every  100  cubic  feet  of  free  air  compressed  to  100 
pounds  gage.  The  values  given  in  trade  catalogues  for  reciprocating 
compressors  are  generally  a  little  below  this  figure,  but  it  is  a  safe  one- 
to  use  in  estimates.  Such  compressors  ordinarily  have  a  volumetric 
efficiency  of  approximately  80  per  cent,  and  as  they  are  rated  on  the 
basis  of  free  air  and  as  it  is  necessary  to  make  allowance  for  loss  due 
to  clearance,  etc.^  provision  for  increased  air  consumption  above  the 
catalogue  rating  for  drills  as  they  become  worn,  and  for  air  used  in 
sharpening  machines  and  forges,  must  also  be  made  with  either  recip- 
rocating or  turbine  machines ;  hence  it  is  advisable  to  select  an  air  coin- 
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pressor  considerably  oversize.  In  practice  the  oversize,  based  upon 
drills  only,  ordinarily  ranges  from  100  to  150  per  cent. 

Of  the  two  types  of  reciprocating  compressors  the  duplex  is  pref- 
erable to  the  usual  straight  line,  in  spite  of  the  tatter's  simplicity 
and  easier  installation,  because  of  the  former's  more  economical  and 
efficient  use  of  power  and  the  facility  of  its  regulation,  especially 
when  driven  by  steam  under  high  pressure. 

As  the  air  pressure  at  tunnel  plants  is  rarely  below  80  pounds,  in 
three  out  of  every  four  being  100  pounds  or  greater,  two-stage  com- 
pi^on  is  desirable  because  of  its  economy  of  power.  Indeed,  such 
c(»npressi(Hi  may  be  imperative  because  of  the  high  temperatures 
that  might  otherwise  be  attained. 

Although  the  manufacture  of  turbocompressors  is  just  beginning 
in  this  country,  they  possess  a  number  of  advantages,  especially  for 
use  with  steam  turbines  and  other  rotary  engines  operating  at  high 
speeds,  and  will  doubtless  be  more  generally  used  in  the  future. 
Their  development  should  therefore  be  closely  watched.  Steam- 
driven  compressors  are  regulated  by  varying  their  speed ;  but,  as  in 
some  power-driven  machines^  the  speed  is  necessarily  constant,  other 
means,  of  which  the  throttle  inlet  and  the  clearance  controllers  are 
the  two  most  used,  must  be  provided  for  that  purpose.  Heat  is  pro- 
duced during  ccnnpression  and,  by  expanding  the  air,  causes  loss  of 
power.  Some  of  this  loss  is  obviated  in  stage  compression  by  remov- 
ing the  heat  during  its  passage  through  an  intercooler  between  the 
cylinders.  The  numerous  stages  in  the  turbine  machine  enable  this 
heat  to  be  removed  effectively  by  water-jacketing.  Another  evil  at- 
tributable to  this  heat  is  the  danger  from  the  explosion  of  volatilized 
lubricating  oils ;  but  in  the  turbine  machine  this  danger  is  eliminated 
because  there  are  no  sliding  surfaces  to  require  lubrication.  Among 
the  accessories  that  are  designed  to  prevent  or  neutralize  the  effects 
of  heat  in  piston  machines  are  the  precooler,  the  intercooler,  the  after- 
cooler,  and  the  air  receiver.  The  air  receiver  also  equalizes  the  pulsa- 
tions of  the  air  and  reduces  friction  losses.  The  devices  mentioned 
assist  also  in  freeing  the  air  from  water  which  often  causes  serious 
inconvenience.  The  major  part  of  the  water  is  apt  to  be  deposited  in 
the  pipe  line,  however,  if  this  is  the  coldest  part  of  the  system,  and 
provision  must  be  made  for  its  removal. 

VENTILATION  EQUIPMENT. 

MACHINERY. 

Either  "  blowers  ^  or  fans  are  employed  ordinarily  for  ventilating 

tunnels  and  adits.    In  every  revolution  of  a  positive  blower  a  certain 

quantity  of  air  is  trapped  between  the  impellers  and  the  inclosing 

casing  and  has  no  means  of  escape  except  through  the  discharge  pipe, 

171W— Bull.  57—14 6 
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as  is  indicated  in  figure  7.  For  this  reason  blowers  are  often  styled 
"pressure"  blowers  and  "positive-blast"  machines.  Plate  11,  B^ 
shows  one.  of  these  blowers  in  operation  on  the  Los  Angeles  Aque- 
duct. 

If  fans  are  employed  in  tunnel  ventilation  they  are  almost  with- 
out exception  of  the  centrifugal  type,  the  disk  form,  similar  to  the 
ordinary  desk  fan,  being  rarely  used.  In  the  centrifugal  fan  the  air 
enters  near  the  center  in  a  direction  approximately  parallel  to  the 
axis  of  the  shaft  and  is  forced  by  the  centrifugal  action  of  the 
rapidly  revolving  blades  toward  their  periphery,  where  it  is  dis- 
charged. This  type  has  many  modifications  designed  to  prevent 
loss  of  efficiency  through  friction  as  the  air  strikes  the  back  plate  and 
changes  direction  or  to  prevent  eddies  due  to  the  greater  density 
of  the  air  at  that  point  caused  by  its  momentum  upon  entering 
the  fan. 


PiGURB  7. — Cross  sections  of  pressure  blowers,  indicating  the  coarse  of  the  air. 

Turbocompressors  in  which  by  one,  two,  or  even  several  stages  air 
can  be  delivered  at  any  required  pressure  have  been  employed  as 
blowers  for  blast- furnace  and  foundry  work  at  a  number  of  places. 
The  capacities  of  those  manufactured  for  this  purpose  thus  far  are 
too  great  for  the  requirements  of  tunnel  work,  but  their  greater 
efficiency  as  compared  with  centrifugal  fans,  and  the  possibility  of 
designing  them  to  obtain  any  required  pressure,  will  doubtless  soon 
lead  to  their  being  made  in  sizes  suitable  for  tunnel  work,  in  which 
they  should  have  a  large  field. 

At  one  tunnel  vitiated  air  was  removed  from  the  heading  by  the 
use  of  a  jet  of  highly  compressed  air  which  was  directed  into  the 
ventilating  pipe,  but  this  method  in  addition  to  being  expensive  is  in- 
adequate, and  is,  therefore,  not  to  be  advised,  except  as  a  temporary 
expedient  and  for  short  distances.  On  short  levels  and  crosscuts, 
however,  or  on  larger  work  pending  the  installation  of  more  expen- 
sive and  efficient  machinery,  jet  blowers  can  often  be  used  to  good  ad- 
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vantage.  They  can  be  operated  by  either  compressed  air  or  water 
under  pressure  and,  though  far  from  being  as  efficient  as  the  me- 
chanical types  of  ventilating  machinery,  will  in  many  cases  perform 
an  extremely  useful  function.  Jet  blowers  can  frequently  be  used  to 
move  large  volumes  of  air  for  short  distances  against  low  frictional 
resistances  with  good  results,  and  their  extreme  economy  in  first  cost 
makes  them  an  excellent  accessory  in  preliminary  work. 

DIBECnON  OF  CURBENT. 

By  a  proper  adjustment  of  the  ventilating  pipe  the  fan  or  blower 
ordinarily  installed  for  tunnel  work  may  be  made  to  exhaust  the  air 
from  or  deliver  it  to  the 

1 


One  of  the  chief 
advantages  of  exhausting 
the  air  is  that  the  danger- 
ous gases  and  smoke  pro- 
duced in  blasting  are  re- 
moved from  the  tunnel  or 
adit  promptly,  and  it  is 
therefore  unnecessary  for 
the  workmen  to  pass 
through  the  thick  bank  of 
smoke  that  would  other- 
wise travel  very  slowly  to 
the  portal.  On  the  other 
hand,  when  fresh  air  is 
blown  in,  it  passes  very 
much  faster  through  the 
pipe  and  is  cooler  and 
fresher  than  if  it  has 
worked  its  way  slowly  in 
through  the  tunnel  or  adit 
and  become  heated  from 
contact  with  the  walls  and  contaminated  by  odors  from  the 
floor.  The  men,  therefore,  feel  more  comfortable  and  are  able  to 
do  better  work  when  this  method  is  employed.  The  advantages  of 
both  methods,  however,  may  be  readily  obtained  by  an  arrangement 
of  pipes  similar  in  principle  to  the  one  shovm  in  figure  8,  which 
permits  the  air  to  be  exhausted  for  a  few  minutes  after  blasting  by 
opening  gates  a  and  6  and  closing  c  and  d^  assuming  the  current 
through  the  fan  or  blower  to  be  in  the  direction  of  the  arrow,  while 
at  other  times  by  reversing  this  arrangement  air  may  be  forced  into 
the  heading.  Table  5  shows  the  direction  of  the  air  current  at  various 
tunnels  visited,  from  which  it  may  be  seen  that,  almost  without  excep- 
tion, it  is  customary  to  exhauBt  the  smoke,  after  blasting  at  least, 


FiGUBB   8. — Arrangement   of   gates   and    pipes 
changing  direction  of  ventUatlng  current. 


for 
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although  at  many  places  the  ventilating  current  is  reversed  at  other 
times.  This  arrangement  is  reported  as  giving  excellent  results,  and 
its  use  is  strongly  recommended  by  the  authors. 

Table  5. — Direction  of  air  current  at  various  tunnels. 


Tunnel. 

Ordinary 
current. 

Current  after 
shoothig. 

Tunnel. 

Ordinary 
cunent 

Current  after 
Bhootlng. 

Carter 

Exhaust 

do 

Exhaust. 
Do. 
Do. 
Do. 

Exhaust  for  2 

hours. 
Exhaust 
Pressure. 

Exhaust  20  to 
25  minutes. 

Exhaust  for  1 
hour. 

Exhaust }  to  1 
hour. 

MardiaU.  Russell. 

Exhaust 

Preesore 

Exhaust 

do 

doa 

Exhaust. 

Central 

Exhaust  i  to  1 

hour. 
Exhaust 
Da 
Do. 

OoldLhiks 

Gunnison,    east 
portal. 

OuTinjgan      Wffl^t 

do 

do 

PwaBore 

Exhaust 

Pressure 

do 

do 

do 

Exhaust 

Newhouse... 

g.«r;.v.::::: 

Portal. 

Laramie 

Lausanne  Paudre. 
Los  Angeles  Aque- 
duct: 
Elizabeth 

Lake. 
Little  Lake... 

Orapevhie. . . . 

Raymond........ 

Rondoat 

Roosevelt 

Slwatdh 

Snake  Creek 

BtflweU 

Utah  Metals 

Pressure 

do 

Exhaust 

do 

do 

do 

do 

do 

Pressure 

Exhaust 

Exhaust  for  2 

hours. 
Exhaust  "for  a 

while." 
Exhaust 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

LucanJa 

Yak *.. 

Da 

a  Intermittent. 


oAFAcnr. 


There  is  no  absolute  method  for  determining  the  quantity  of  air 
needed  to  renew  that  vitiated  by  the  respiration  of  men  and  animals 
working  in  tunnels.  For  coal  mines  many  States  have  provided  a 
legal  minimum  that  ranges  from  85  to  300  cubic  feet  per  minute 
for  each  man  and  from  300  to  600  cubic  feet  for  each  animaL  These 
figures,  however,  have  practically  no  bearing  on  timnel  work,  be- 
cause in  coal  mines  a  much  larger  volume  of  air  than  that  actually 
needed  by  the  men  must  be  supplied  in  order  to  dilute  and  render 
harmless  the  inflammable  and  dangerous  gases  given  off  from  the 
coal.  In  many  States  the  laws  provide  that  even  the  requirements 
mentioned  may  be  increased  at  the  discretion  of  the  mine  inspector. 
Conditions  in  metal  mines,  on  the  other  hand,  are  more  closely  akin 
to  those  in  tunnels,  but,  unfortunately,  most  existing  legislation 
merely  stipulates  that  the  ventilation  must  be  "  adequate."  Arizona 
specifies  the  amount  considered  harmful  by  chemical  analysis. 

Richards  ^  considers  that  the  following  air  quantities  are  sufficient 
for  proper  ventilation  in  metal  mining  work : 

Per  light,  1  cubic  foot  per  minute. 

Per  man,  25  cubic  feet  per  minute. 

Per  animal,  75  cubic  feet  per  minute. 

The  mining-regulations  committee  of  the  Transvaal,  on  the  other 
hand,  provide  (for  metal  mines)  a  minimum  of  70  cubic  feet  per  man 

•  Bichards,  R.  H.,  Mining  notes,  vol.  2,  1905,  p.  142. 
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per  minute."  When  a  person  is  sitting  in  repose  as  in  a  theater  or 
meeting  hall,  20  cubic  feet  of  fresh  air  per  minute  is  considered 
adequate  provision  by  engineers  making  a  specialty  of  ventilation, 
but  much  larger  quantities  are  of  course  required  when  the  men  are 
working.  The  following  table  giving  the  results  of  a  test  conducted 
by  Bernhardt  Draeger,^  shows  the  amount  of  air  breathed  in  the  first 
minute  after  performing  various  kinds  of  work. 

Quantity  of  air  actually  breathed  in  first  minute  after  exertion. 


Kind  of  work. 

Subject 
A. 

Subject 

Subject 

Average. 

Sitting  10  mfnnf^...,. 

LUer9.a 

8.5 
10.5 
14.3 
30 
38 
38 
&52 

8.25 
11.3 
17.5 
30 
33 
42 
«61 

LiUrtA 
9 

11.7 
13 
30 
40.5 
38 
e59 

LHertA 
8.58 

Walkfaig  270  yards 

11.2 

Maidilng  660  yards 

14.9 

Brnmlng  270  yards 

30 

37.2 

RrninfegffffOyRprtf       ^'                           ^ 

39 

Raoe|270yaids 

'51 

•  1  liter  s  0.0853  cubic  foot.         b  Time,  40  seconds.  «  Time,  42  seconds.  i  Time,  41  seconds. 

These  figures  give  the  amount  of  pure  air  actually  inhaled  and 
exhaled,  but,  of  course,  in  order  that  the  products  of  respiration  may 
be  diluted  sufSciently  for  the  air  in  the  confined  space  of  a  tunnel  to 
be  kept  pure,  a  much  larger  quantity  must  be  supplied.  Assuming 
that  20  cubic  feet  is  suflBcient  for  a  man  at  rest,  and  applying  the 
ratio  deduced  from  Draeger's  table,  it  would  appear  that  the  follow- 
ing volumes  of  air  (in  cubic  feet  per  minute)  should  be  supplied  for 
ventilation  if  the  forms  of  exercise  indicated  were  undertaken  in  a 
small  room  or  in  a  timnel:  Sitting,  20;  walking,  26;  marching,  36; 
running,  70  to  90;  rolling  barrel,  85;  racing,  130. 

Although  some  members  of  the  tunnel  crew,  such  as  the  shovelers. 
ordinarily  work  as  hard  as  men  running  or  rolling  a  barrel,  there 
are  times  when  the  work  of  the  drillers  more  closely  approximates 
the  exertions  required  in  walking;  so,  taking  everything  into  con- 
sideration, it  would  seem  that  76  cubic  feet  per  minute  per  man 
should  be  adequate  provision  for  tunnel  ventilation.  Assuming  that 
a  horse  or  mule  requires  two  to  three  times  the  air  needed  for  a 
person,  150  to  200  cubic  feet  per  minute  should  be  furnished  each. 
At  mine  adits  where  any  attempt  is  made  for  even  moderate  prog- 
gress  8  to  16  men,  and  possibly  2  animals,  are  employed  in  or  near 
the  heading.  Under  these  conditions  600  to  1,500  cubic  feet  of  fresh 
air  per  minute  would  be  required  for  purposes  of  respiration.  It  is 
true  that  some  air  is  furnished  by  the  exhaust  from  the  drills,  but 


'(Editorial),  Carbon  dioxide  criterion  for  ventilation 
Not.  6,  1910,  p.  890. 
»  Glttckaut  TOl.  40,  1904. 


Eng.  and  Min.  Jour.,  vol.  90, 
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their  action  is  intermittent  and  the  supply  never  adequate,  so  that 
much  dependence  can  not  be  placed  upon  it ;  on  the  whole,  it  is  much 
better  simply  to  ignore  this  possible  source  when  deciding  upon  the 
capacity  of  ventilating  machinery. 

Although  the  supply  mentioned  above  is  sufficient  for  ordinary 
requirements,  a  much  greater,  and  indeed  the  maximum,  demand  for 
ventilation  occurs  immediately  after  blasting,  when  it  is  obviously 
important  to  remove  the  gas  and  smoke  quickly  so  that  the  men  may 
resume  work  with  the  least  loss  of  time.  The  volume  to  be  removed 
depends  largely  upon  the  amount  of  explosive  employed;  for  cus- 
tomary charges  under  normal  conditions  it  would  probably  not  vary 
greatly  from  60,000  cubic  feet,  a  figure  representing  the  average 
result  of  practical  experience  at  tunnels  where  information  bearing 
on  this  question  was  obtainable.  It  is  true  that  ordinarily  the  air 
is  seldom  contaminated  by  the  blast  for  more  than  150  feet  from  the 
face.  In  a  heading  with  a  cross  section  of  70  square  feet  the  blast 
would  have  a  volume  of  only  10,500  cubic  feet,  and  it  might  appear 
that  the  removal  of  this  amount  of  bad  air  would  clear  the  tunnel. 
Such  might  be  the  case  provided  the  smoke  would  be  removed  in- 
stantly, but  this  result  is,  of  course,  not  attainable  in  practice.  The 
readiness  with  which  gases  become  diffused  must  be  taken  into  con- 
sideration, especially  as  it  is  customary  immediately  after  blasting 
to  turn  a  jet  of  highly  compressed  air  into  the  heading.  Bnch  a 
practice  is  necessary  because,  to  avoid  injury  from  flying  rock,  the 
ventilating  pipe  rarely  extends  nearer  the  breast  than  100  feet; 
so  to  remove  the  gases  they  must  be  forced  out  of  the  extreme  end 
of  the  tunnel  into  the  influence  of  the  suction  of  the  ventilating 
pipe.  The  result  is  that  as  a  part  of  the  bad  air  is  removed  its  place 
is  occupied  by  fresh  air,  which  quickly  becomes  contaminated.  It 
is  therefore  necessary  to  remove  nearly  six  times  the  amount  of 
foul  air  to  clear  the  tunnel.  In  order  to  be  considered  good  practice 
under  ordinary  conditions  removal  should  take  place  in  15  min- 
utes, requiring  an  exhauster  capable  of  removing  4,000  cubic  feet  per 
minute. 

This  capacity,  however,  is  necessary  for  only  a  few  minutes  after 
blasting.  It  is  desirable,  therefore,  to  have  the  fan  or  blower  so  ar- 
ranged that  it  can  exhaust  for  a  short  time  at  full  load  and  then  be 
run  at  a  lower  speed  and  supply  the  heading  with  the  smaller  volume 
needed  for  respiration.  Such  an  exhauster  was  used  at  the  Laramie- 
Poudre  Tunnel.  It  was  directly  connected  to  a  water  wheel  and 
ordinarily  removed  approximately  1,300  cubic  feet  by  running  at 
100  revolutions  per  minute,  but  inmiediately  after  blastiQg  the 
blower  was  speeded  up  to  300  revolutions  per  minute,  when  it  ex- 
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hausted  nearly  3,900  cubic  feet  per  minute,  clearing  the  heading  usu- 
ally in  15  to  20  minutes. 

At  the  Bawley  Tunnel  an  attempt  was  made  to  obtain  the  same 
result  by  operating  the  blower  intermittently  at  or  near  full  load. 
Although  the  operation  of  the  blower  or  fan  at  full  load  for  one- 
third  of  the  time  supplies  the  heading  with  an  equal  amount  of  air 
as  when  running  at  one-third  capacity  all  the  time,  different  results 
are  obtained  in  practice.  The  purity  of  the  air  is  not  maintained 
so  nearly  constant  with  the  intermittent  system,  and  as  the  starting 
and  stopping  of  the  blower  is  usually  dependent  upon  some  man,  its 
operation  may  be  forgotten  or  neglected.  This  method  of  ventilat- 
ing, therefore,  can  not  be  commended. 

PRESSURE. 

It  is,  of  course,  essential  that  the  required  amount  of  air  be  actually 
delivered  to  or  removed  from  the  heading.  To  do  this  pressure  is 
necessary  in  order  to  overcome  the  frictional  resistance  to  the  flow 
of  air  in  the  pipe.  This  pressure  must  be  generated  by  the  fan  or 
blower  and  may  be  either  positive  when  forcing  air  in  or  negative 
when  exhausting  it.  In  either  case  the  amount  required  depends 
upon  the  quantity  of  air  passed  and  the  size  and  length  of  pipe. 
Although  the  relations  between  these  several  factors  are  somewhat 
complicate,  they  are  shown  in  the  following  formula  advocated  by 
G.  S.  Hicks,  jr.: • 


,^44.72.*/5^ 


Where  q  =■  quantity  of  air  in  cubic  feet  per  minute. 
d  ss  diameter  of  pipe  in  inches. 

P  =  abeolute  initial  pressure  in  pounds  per  square  inch. 
I  =  length  of  pipe  in  feet. 

g  =  specific  gravity  of  gas  referred  to  air  as  unity. 
p  ^  required  pressure  in  pounds  per  square  inch. 

From  which,  by  transposing: 


w 


21«-^»+2&-'-l^-^ 


In  which  p  =  P  — 14.7, 
And  ^  =  1. 

It  must  be  borne  in  mind  that  the  formula  is  theoretical  and  does 
not  take  into  consideration  leakage,  the  extra  friction  due  to  elbows 
in  the  pipe,  etc.,  but  it  is  said  to  be  based  on  good  general  practice 

•  Englneerinff  Tables,  p.  12.  P.  H.  &  F.  M.  Roots  catalogue  41. 
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for  air  and  gas  transmission  and  to  give  fairly  satisfactory  results. 
The  table  following,  calculated  from  the  formula,  shows  the  pressure 
in  pounds  per  square  inch  required  to  pass  air  through  various  sizes 
and  lengths  of  pipe,  assuming  the  quantity  of  air  to  be  4,000  cubic 
feet  per  minute — the  value  derived  above  as  a  suitable  maximum 
capacity  for  a  ventilating  blower  or  fan. 

Table  6. — Loss  of  pressure  when  forcing  4,000  cubic  feet  of  air  per  minute 
through  various  lengths  and  sizes  of  ventilating  pipe. 


Diameter 

Length  of  pipe  in  feet. 

of  pipe. 

1,000. 

2,000. 

3,000. 

4,000. 

5,000. 

6,000. 

8,000. 

10.000. 

12,000. 

14,000. 

Inchet. 
6         ...  . 

Lbt.per 

tq.tn. 

aD.20 

6.75 

2.52 

1.06 

.50 

.26 

.14 

.085 

Lbi.ver 
sq.tn. 

Lbt.per 
eq.in. 

^4!-^ 

^•r 

aq.tn. 

^•iS!' 

Lbt.per 
tq.in. 

^•r 

Lb8.per 
tq.in. 

8 

11.80 
4.69 
2.05 
.96 
.51 
.29 
.17 

10 

6.65 
2.90 
1.45 
.76 
.43 
.25 

8.45 
3.87 
1.90 
1.02 
.58 
.34 

10.10 

4.71 

2.32 

1.25 

.70 

.42 

, 

12 

5.52 

2.77 

L48 

.84 

.50 

7.06 
3.60 
1.95 
1.11 
.67 

8.63 
4.40 
2.40 
1.38 
.83 

9.87 
6.16 
2.84 
1.64 
.99 

14 

5.00 

16 

3.27 

18 

1.89 

20 

1.15 

If  the  pressure  can  not  be  increased  to  correspond  with  the  length 
of  pipe,  the  volume  of  air  delivered  is  diminished,  the  size  of  the  pipe 
remaining  the  same.  This  is  illustrated  in  Table  7,  in  which  a  maxi- 
mum pressure  (P— 14.7)  of  1  pound  per  square  inch  is  assumed. 

Table  7. — Maximum  air  capacities  of  pipes  of  different  sizes  and  lengths,  tohen 
the  initial  pressure  is  1  pound  per  square  inch. 


Diameter 

length  of  pipo  in  feet. 

of  pipe. 

1/XX) 

2,000 

3,000 

4,000 

SfiOO 

6,000 

8.000  ' 

lOflOO 

12,000 

]4JX)0 

Inchtt. 
6 

vermin. 

685 

1,410 

2,465 

3,890 

5,720 

7,985 

10,720 

13,950 

Cu.fl. 
permin. 
485 
1,000 
1  745 
2,750 
4,045 
5645 
7,580 
9,865 

Cu.ft. 
permin. 

Cu.ff. 
per  mm. 

permin. 

Cu.fL 
permin. 

Cu.ft. 
permin. 

OU.JI. 
permin. 

Cti.fL 
permin. 

Cu.ff. 

permin. 

8- 

815 
1,425 
2,245 
3,300 
4,610 
6,190 
8,055 

705 
1,235 
1,945 
2,860 
3,990 
5,360 
6,975 

630 
1,105 
1,740 
2,560 
3,570 
4,795 
6,240 

575 
1,005 
1,590 
2,335 
3,260 
4.375 
5,605 

10 

870 
1,375 
2,020 
2,825 

4,930 

780 
1,230 
1,810 
2,525 
'3,390 
4,410 

710 
1,125 
1,650 
2,305 
3,095 
4,025 

660 

12 

1,040 

14 

1,530 

16.  . 

2,135 
2!  865 

18 

20 

3,730 

Table  8  shows  the  calculated  pressure  required  to  overcome  fric- 
tional  resistance  in  passing  a  volume  of  air  equal  to  the  rated  capacity 
of  the  ventilating  machine  through  pipes  of  the  sizes  adopted  to 
convey  the  air  to  the  headings  of  some  of  the  tunnels  visited  in  the 
field  work  when  completed  to  their  proposed  length. 


Digitized  by  LjOOQIC 


StTBPACS  SQVIPMEKT  FOB  DBIVINQ  TtJNNBLS. 


87 


Table  S. — Pressure  required  to  force  quantity  of  air  equivalent  to  catalogue 
rating  of  ventilating  machine  to  proposed  length  of  tunnel  through  pipe 
chosen. 


Tunnel. 


Stated 

Rated 

Diameter  of 

ventilating 

pipe. 

tencth  of 
Ventilating 

PrMsare 

capacity 

pipe  when 
tunnel  is 

xeQuired. 

completed. 

^'f&J^ 

Jnekei. 

Feet. 

Lbt.peraq. 

i,seo 

15 

7,600 

0.41 

6,540 

19 

9,500 

1.98 

S,900 

14* 

9,200 

3.34 

6,800 

18 

13,000 

4.14 

3,500 

12 

a3,000 

1.28 

2,500 

12 

al,500 

.63 

8,iaD 

St 

12,000 

.87 

4,ieo 

11,000 

8.30 

2,500 

10 

13,000 

10.25 

2,400 

14 

5,000 

.87 

2,500 

i^t 

6,200 

2.02 

4,800 

15,700 

4.38 

1,560 

10 

5,000 

1.94 

4,650 

16 

14.000 

4.27 

4.000 

14 

19.000 

7.50 

4,880 

12 

11,800 

13.24 

CtetBT 

Gaatnl 

Unmifr'Poudre 

Lqb  AngBles  Aqueduct: 

Sliiabeth  Lake 

Little  Lake 

Onpevine 

LuciniB 

Mtntaall-RuneU 

Miaskn 

2.^.^::::::::::::;:: 

RoosBTelt 

Biw«tch 

Snake  Greek 

Stiawberiy 

UttfilliBtab 


•  This  division  contains  a  number  of  tunnels .    The  distance  given  is  the  maximum. 

It  will  be  observed  in  these  examples  that  the  pressures  needed 
ordinarily  range  from  1  to  5  pounds,  2  pounds  being  roughly  the 
average.  At  two  of  the  tunnels  in  this  list,  in  order  to  obtain  the 
extra  pressure  required  to  furnish  sufficient  ventilation,  it  was  neces- 
sary to  use  a  "booster,"  as  it  is  called — ^that  is,  to  install  a  second 
blower  some  distance  within  the  tunnel;  by  operating  the  two  to- 
gether the  pressure  otherwise  attainable  would  be  virtually  doubled. 
At  the  Mission  Tunnel,  the  "  booster "  was  situated  near  the  5,500- 
foot  station.  At  the  Strawberry  Tunnel,  both  machines  had  been 
placed  in  the  tunnel  at  the  time  of  examination,  the  first  one  at 
4,000  feet  and  the  second  at  11,000  feet.  Two  other  tunnels  at  the 
time  visited  had  not  penetrated  far  enough  to  require  such  addi- 
tional equipment,  but  doubtless  extra  provision  for  obtaining  pres- 
sure will  become  necessary  with  continued  progress. 

SIZE  OF  PIPE. 

The  necessity  for  high  pressures,  and  hence  the  use  of  "  boosters," 
may  be  obviated  in  large  measure  by  the  choice  of  ventilating  pipe 
having  diameters  of  sufficient  size.  The  difference  between  a  12-inch 
and  an  18-inch  pipe  often  exerts  a  great  influence  on  the  ventilation 
of  the  heading,  but  even  aside  from  added  cost,  indiscriminate  en- 
largement is  undesirable,  every  inch  of  space  in  the  average  tunnel 
being  required  for  other  purposes. 
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Transposition  of  the  formula  on  page  85  gives — 

^  =  V2,000(P-14.7») 

which  indicates  the  necessary  diameter  of  the  pipe  in  terms  of  the 
other  variables.  Table  9  following  shows  a  number  of  solutions  of 
this  formula  (assuming  again  that  j=4,000  cubic  feet  of  air  per 
minute  to  be  passed),  and  from  it  may  be  found  the  proper  size  of 
pipe  for  use  with  various  pressures  and  distances. 

Table  9. — Diameter  of  pipe  required  in  order  to  deliver  4,000  cubic  feet  of  €iir 
per  minute  with  different  initial  pressures  and  for  various  distances. 


Pressure. 


T.«iigth  of  pipe  in  feet. 


1,000       2,000       3,000       4,000       6,000       6,000       8,000      10,000      12,000     14,000 


Ounces  per  $q.  in. 

1 

2 

3 

4 

6 

6 

8 

10 

12 

Pounds  per  tq.  in. 

1 

J*::::::::::::::::: 

8 

4 

6 

6 

8 


Inches. 

I 

14 
13J 
12! 


Inches. 
2i 

21; 

19 
18 

n 

17 


14 
13 


10 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Indus, 


23 
20 

m 


16 


15i 
14 
13i 
12 


24} 

21  ; 

20: 

1» 

18 

17- 

17 


16 


234 
22 
21 
20f 

19 
18 
17 


161 
l&f 
14  I 
13: 
12 
11 
U 
10 


23 
22 

i3 


17i 

16 

15 

13f 

13 


23 
22 

21 
20 
l»f 


18i 
17 
16 

lal 

13 

12J 

111 


2S 
S 

22 
21 

20  f 


m 
n 

16 

16 

14 

13. 

13 

12i 


2J* 
23 

23 

211 


20 


15 
14 


COMPARISON    OF    CENTRIFUGAL   TANS    AND  BLOWERS. 

Within  certain  limits  the  speed  at  which  centrifugal  fans  are  oper- 
ated determines  the  volume  of  air  delivered  and  the  pressure  gwi- 
erated,  but  the  fans  are  incapable  of  producing  pressures  much 
greater  than  1 J  pounds  per  square  inch,  and  many  of  them  are  limited 
to  8,  or  even  5,  ounces.  Therefore  as  the  frictional  resistance  against 
which  air  is  to  be  forced  or  exhausted  becomes  greater  through  in- 
creasing lengths  of  pipe  the  pressure  generated  in  the  fan  must  be 
increased,  by  greater  speed  to  the  maximum  limit  at  which  the  fan 
may  be  operated,  and  after  that  limit  is  passed  the  volume  of  air 
delivered  necessarily  becomes  diminished  with  increased  length  of 
pipe.  The  positive  blower,  on  the  other  hand,  is  capable  of  much 
higher  pressures — 8  pounds  per  square  inch  is  easily  attainable, 
and  15  pounds  is  possible  with  some  makes — and  in  tunnel  work, 
in  which  distances  are  as  a  rule  great,  the  ability  to  deliver  air  against 


Digitized  by  LjOOQIC 


StntPACE  EQUIPMENT  FOB  DBIVIKO  TUKKELS.  89 

high  resistanoe  is  an  important  consideration  in  favor  of  the  blower. 
It  operates  also  at  a  much  lower  speed  when  delivering  the  same 
Yolume  of  air  against  an  equal  pressure  (1:10  is  considered  a  fair 
ratio),  and  this  adjustment  lessens  the  wear  and  tear  upon  belts  and 
machinery.  Because  of  its  hi^er  pressure,  the  blower  makes  it  pos- 
sible to  choose  a  smaller  diameter  of  pipe,  a  factor  worthy  of  consid- 
eration, because  not  only  the  initial  cost  but  also  the  space  occupied 
must  be  taken  into  consideration.  The  first  cost  of  the  fan,  on  the 
oth^  hand,  is  less  than  that  of  the  blower,  and  to  economize  room 
and  obviate  the  wear  on  the  belt  the  fan  may  be  connected  directly 
to  electric  motors,  the  greater  cost  of  low-speed  motors  tending  to 
prevent  this  possibility  with  a  blower. 

SUMMARY. 

In  most  cases  a  machine  of  the  blower  type,  capable  of  high  pres- 
foire,  is  better  adapted  for  tunnel  ventilation  in  which  resistances  are 
apt  to  be  great.  For  the  best  results  the  ventilating  pipe  should  be 
so  arranged  that  the  direction  of  the  air  current  may  be  alternated 
at  will,  exhausting  for  a  short  time  after  shooting  and  blowing  for 
the  remainder  of  the  time.  The  blower  should  be  adjusted  to  operate 
at  two  capacities — a  lower  one,  supplying  600  to  1,500  cubic  feet 
per  minute,  as  determined  by  the  number  of  men  and  animals,  and 
a  higher  one  capable  of  exhausting  approximately  4,000  cubic  feet  per 
minute  This  adjustment  would  make  it  possible  under  ordinary 
conditions  for  the  men  to  resume  work  in  the  heading  about  15  min- 
utes after  shooting.  The  pressure  generated  in  the  blower  must  be 
properly  adjusted  to  the  size  of  the  pipe  and  the  length  of  the  tun- 
nel in  order  that  the  determined  volume  of  air  shall  be  actually 
delivered  to  or  removed  from  the  heading.  The  pipe  chosen  should 
be  of  such  size  that  only  a  moderate  pressure  at  the  blower  is  required, 
due  consideration  being  accorded  such  items  as  cost  of  pipe  and  the 
space  such  pipe  must  occupy. 

INCIDENTAL  SITBFACE  EQUIPMENT. 

In  connection  with  the  blacksmith  and  repair  shops  mention  should 
be  made  of  the  drill-sharpening  machine  and  the  compressed-air 
meter.  The  use  of  the  former  is  quite  conmion,  being  employed  at  a 
majority  of  the  tunnels  visited;  but  the  latter,  so  far  as  could  be 
learned,  has  been  used  only  in  one  or  two  places,  although  there 
appears  to  be  a  field  for  its  employment  in  tunnel  plants. 

DRILL-SHABPEKINO  MACHINES. 

Several  types  of  drill-sharping  machines  are  used  in  the  United 
States,  each  consisting  essentially  of  a  frame  on  which  two  cylinders 
are  mounted,  one  vertically,  the  other  horizontally,  each  containing  a 
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reciprocating  piston.  Compressed  air  is  employed  as  the  motive 
power,  the  consumption,  according  to  figures  given  by  the  manufac- 
turers, ranging  from  30  to  100  cubic  feet  per  minute  at  a  pressure 
of  85  to  100  pounds.  Some  device  is  necessary  to  hold  the  drill  steel 
firmly  in  place.  The  sharpening  is  accomplished  by  means  of  suit- 
able dies  or  dollies,  which  are  either  attached  to  or  struck  by  the 
proper  piston  and  forge  the  hot  steel  into  the  desired  shape.  The 
piston  and  die  acting  vertically  are  used  for  drawing  out  the  comers 
of  a  broken  or  a  very  dull  bit,  or  swaging  out  the  grooves  between 
the  points,  or  insuring  that  the  bit  is  of  the  required  gage,  whereas  the 
horizontal  die  sharpens  the  cutting  edges.  With  a  suitable  set  of 
dies  the  machine  may  be  used  also  for  the  construction  of  new  bits 
from  ordinary  drill  steel. 

The  use  of  a  sharpening  machine  results  in  some  saving  of  labor 
cost,  for  only  one  operator  of  medium  skill  is  required.  Such  a  man 
can  ordinarily  turn  out  several  times  the  work  of  a  skilled  blacksmith 
and  helper  sharpening  bits  by  hand.  One  manufacturer  claims  that 
his  machine  when  handled  by  an  expert  is  capable  of  sharpening  250 
drills  per  hour,  but  he  states  also  that  half  Uiat  number,  under  nor- 
mal conditions,  is  satisfactory.  With  another  type  the  capacity  is 
given  as  60  to  100  sharpened  drills  per  hour.  The  lowest  of  these 
figures  is  more  than  ample  for  the  usual  requirements  of  tunnel  work 
as,  according  to  figures  obtained  at  tunnels  visited,  the  number  of 
drills  ordinarily  sharpened  ranges  from  100  to  200  per  day,  although 
in  hard  ground  the  use  of  as  many  as  400  was  reported. 

The  labor  saved  in  the  blacksmith  shop  is  only  a  minor  considera- 
tion, however,  for  the  real  superiority  of  the  machine  over  hand 
sharpening  lies  in  its  ability  to  turn  out  perfect  bits.  As  the  progress 
in  tunnel  driving  is  often  largely  determined  by  the  time  required 
to  drill  a  round  of  holes,  this  important  part  of  the  work  deserves 
careful  attention.  It  has  been  demonstrated  repeatedly  by  practical 
experience  that  on  comparing  the  cutting  qualities  of  a  machine  bit 
with  one  sharpened  by  hand  there  is  a  marked  diflference  in  favor  of 
the  former.  This  is  due  to  the  fact  that  the  bits  come  from  the 
machine  true  to  gage,  thus  greatly  reducing  the  danger  of  binding  or 
sticking  in  the  hole ;  there  is,  therefore,  less  delay  in  drilling  and  a 
smaller  loss  of  time  from  this  cause  for  the  driller  and  helper,  or 
perhaps  the  entire  crew,  and  there  is  less  likelihood  of  "  lost "  holes. 
Then,  too,  the  bits,  being  correctly  shaped  and  properly  sharpened, 
not  only  "  stand  up  "  better  and  stay  sharp  longer,  but  they  also  drill 
faster,  and  it  is  not  necessary  for  the  drill  crew  to  change  steel  so 
often,  thus  reducing  another  source  of  delay.  The  use  of  drill-sharp- 
ening machines  at  the  ordinary  tunnel  plant  is,  therefore,  strongly 
recommended  not  only  for  its  saving  of  time  and  labor  both  in  the 
blacksmith  shop  and  in  the  heading,  but  also  for  its  ability  to  make 
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bits  whose  superior  drilling  qualities  will  easily  pay  a  large  return 
upon  the  money  invested  in  the  machine. 

AIR  METERS. 

Air  meters  are  of  various  types.  In  one  of  them  the  volume  of  air 
is  measured  by  causing  the  air  to  impinge  consecutively  upon  a  num- 
ber of  turbine  wheels  mounted  on  a  common  shaft  connected  with  a 
registering  device  by  a  master  gear.  The  machine  is  calibrated  to 
read  in  cubic  feet  per  minute  of  free  air  and  is  claimed  by  the  manu- 
facturer to  give  accurate  measurements  of  air  under  varying  pres- 
sures. A  second  type  operates  upon  the  principle  that,  with  a  uni- 
form difference  of  pressure  on  both  sides  of  an  orifice  and  a  constant 
initial  pressure  and  temperature,  the  quantity  of  air  passed  is  pro- 
portional to  the  size  of  the  orifice.  In  this  machine  the  difference 
in  pressure  on  the  two  sides  of  the  diaphragm  is  kept  uniform  by 
the  constant  weight  of  a  taper  plug  that  closes  the  orifice  until  the 
difference  in  pressure  is  sufficient  to  raise  the  plug  and  support  it. 
The  taper  is  so  designed  that  the  amount  of  air  passed  through  the 
orifice  is  directly  proportional  to  the  rise  of  the  valve,  and  this  move- 
ment is  multiplied  and  transmitted  to  a  needle  which  records  it  upon 
a  moving  sheet  of  paper,  thus  affording  a  means  of  measuring  the 
volume  of  air  passed.  A  third  type  involves  a  device  for  deter- 
mining the  pressure  due  to  the  velocity  of  the  flow  of  air  in  a  pipe, 
which  is  proportional  to  the  amount  of  air  passed  if  the  temperature 
and  initial  pressure  are  constant,  and  for  transmitting  that  pressure 
to  one  arm  of  a  U  tube  filled  with  mercury.  The  tube  is  balanced  on 
knife  edges,  and  as  the  pressure  causes  a  flow  of  mercury  to  the 
other  arm,  the  balance  is  disturbed  and  the  tube  is  deflected,  the 
amount  of  deflection  being  commensurate  with  the  pressure  and  hence 
with  the  flow  of  air.  The  deflection  is  transmitted  by  levers  to  a  re- 
cording needle.  In  a  fourth  type,  although  only  a  proportional 
volume  ranging  from  0.125  to  8  per  cent  is  actually  measured,  the 
recording  device  registers  in  terms  of  the  full  100  per  cent  volume. 

Any  of  these  meters  may  be  used  to  determine  the  quantity  of  com- 
pressed air  delivered  to  a  purchaser.  Their  most  important  use,  as 
far  as  tunnel  work  is  concerned,  is  in  determining  the  quantity  of  air 
used  by  rock  drills.  It  is  well  known  that  all  pneumatic  rock  drills 
show  an  increased  air  consumption,  due  to  leakage,  etc.,  as  the  various 
parts  become  worn  through  use.  This  fact  is  quickly  discovered  in 
practice,  and  many  actual  tests  bear  out  the  statement  that  after  the 
steady  use  of  the  ordinary  rock  drill  for  six  months  or  a  year  this 
loss  will  range  from  20  to  40  per  cent.  This  additional  air  is  not  only 
expensive  to  compress  but^  what  is  of  more  importance,  the  efficiency 
of  the  drilling  machine  is  lowered  at  the  same  time,  and  the  man 
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operating  it  is  unable  to  do  as  much  effective  work,  thus  entailing 
further  loss.  If  the  drill  repairman  has  to  guess  at  the  air  consump- 
tion, it  is  very  difficult  for  him,  even  though  he  be  an  expert  mechanic, 
to  send  from  the  repair  shop  back  to  the  heading  a  drill  that  will  do 
as  good  work  as  when  it  was  new.  But  if  the  shop  is  provided  with 
some  means  of  determining  the  air  required  by  the  drill  the  repair- 
man is  much  better  able  to  remedy  the  defects  and  make  the  proper 
repairs.  This  results  in  a  saving  of  expensive  power  and  increases 
the  efficiency  of  the  drill  and  the  amount  of  work  done  by  the  driller. 
Moreover,  every  time  the  drill  leaves  the  repair  shop  it  is  very  de- 
sirable to  keep  a  record  not  only  of  the  cost  of  its  repair  but  also  of 
its  present  air  consumption,  in  order  that  upon  its  next  return  a 
comparison  may  be  made  with  the  last  record  as  well  as  with  the 
nominal  air  requirements.  By  such  a  course,  if  the  air  consumption 
is  excessive  necessary  repairs  may  be  made  that  would  perhaps  have 
been  unsuspected  otherwise,  and  at  the  same  time  the  manager  may 
keep  an  accurate  statement  of  drill  repairs  and  weed  out  inefficient 
drills.  The  following  sample  drill  record  ^  gives  a  rough  outiine  of 
such  a  system : 

DBnX  BECOBD. 

Tool,  Piston  drm.  Maker Slse,  2i  inchei- 

Purchased,  2/1/10.  Serial  No.  12S4S6,  Shop  No.  12, 

Normal  air  consumption  90  cubic  feet  per  minute,  at  76-80  pounds. 


Date. 


Air  con- 
tion. 


Rflpain. 


Yfibnary  9i,  1910. 

larch  10,  r- 


March  10, 1910.. 


May  10, 1910.. 
After  lepain. 


H28 
96 


75 


2d(lerod8. 
a  pawl  springs. 
1  leather  cap. 
1  chuck  bolt. 
1  chuck  key. 

1  air  chest  and  valv«.» 

2  pistoa  rings. 


.B: 


^  of  the  Excelsior  Drill  and  Manufacturing  Co. 
air  oonsomption  corrected  by  repairs  indicated. 
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Underground  equipment  for  driving  mine  tunnels  includes  rock 
drills,  cars  for  removing  broken  rock,  and  some  means  of  hauling 
them  to  the  surface,  together  with  the  necessary  tools,  track,  pipe, 
hose,  lamps  or  candles,  and  other  incidentals.  It  may  also  include 
telephones  or  other  means  of  commimication  with  the  portal  and,  if 
the  tunnel  is  being  driven  down  grade  or  from  a  shaft,  pumps  to 
remove  water. 

BOCK-DSILLIKO  MACHINES. 

TYPES. 

As  a  rule  rock-drilling  machines  are  classified  primarily  accord- 
ing to  the  motive  power  by  which  they  are  operated.  The  great 
majority  of  those  used  in  tunnels  are  of  the  pneumatic  type,  but 
hydraulic  driUs  have  been  employed  and  electric  drills  are  coming 
into  favor.  For  surface  work  steam  is  sometimes  substitued  for 
compressed  air  by  making  a  few  minor  alterations  in  pneiunatic 
drills,  and  machines  using  gasoline  power  are  also  to  be  found  on 
the  market;  but  the  difficulties  of  disposing  of  exhaust  steam  with 
the  former  and  of  the  products  of  combustion  with  the  latter  pre- 
vent any  extensive  use  of  these  types  underground.  Some  of  the 
principal  features  of  the  various  rock  drills  employed  in  tunnel 
work  are  described  below. 

PNEUMATIC  DRILLS. 

The  pneumatic  rock  drill  consists  essentially  of  a  cylinder  contain- 
ing a  piston  or  a  hammer  that  is  reciprocated  by  the  proper  admis- 
sion, application,  and  release  of  compressed  air.  In  the  piston  type 
of  air  drill,  a  drill  steel  provided  with  cutting  edges  is  made  alter- 
nately to  strike  and  recede  from  the  rock  by  the  movement  of  the 
piston  to  which  the  steel  is  firmly  attached.  In  the  hammer  drill 
(PI.  Ill,  A)  the  steel  does  not  reciprocate,  but  is  held  loosely  against 
the  rock  to  which  it  merely  transmits  blows  received  from  a  moving 
hanMner.  Piston  drills  are  almost  without  exception  mounted  in  a 
cradle  that  may  be  attached  to  some  rigid  support  while  the  drill 
is  in  operation,  but  may  be  easily  removed  when  necessary;  a  screw 
thread  is  provided  also,  permitting  the  drill  to  be  fed  forward  in  the 
cradle  as  the  hole  grows  deeper.  In  some  types  of  hammer  drills, 
especially  those  used  for  stopping  and  trimming,  the  cradle  is  omitted, 
and  the  drill  either  is  held  in  the  hand  or  is  provided  with  a  tele- 
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scoping  feed  operated  automatically  by  compressed  air.  In  either 
type  some  device  is  required  to  rotate  the  drill  steel  in  order  that  the 
cutting  edges  of  the  bit  may  not  strike  repeatedly  in  exactly  the 
same  place.  In  cradle-mounted  drills  this  result  is  generally  accom- 
plished by  a  mechanism,  consisting  of  rifle  bar,  ratchet,  and  pawls, 
that  is  arranged  to  turn  the  piston  or  hammer,  this  in  turn  rotating 
the  chuck  holding  the  drill.  If  the  telescoping  feed  is  employed  the 
entire  machine  must  be  rotated  by  hand.  Figure  9  shows  a  section 
through  a  piston  pneumatic  rock  drill  and  gives  a  list  of  the  principal 
parts. 

Pneumatic  drills  are  often  differentiated  by  the  method  employed 
in  controlling  the  admission  of  air  to  the  cylinders.  This  may  be 
accomplished  by  tappet,  air-thrown,  or  auxiliary  valves,  or  by  direct 


Fionra  9. — Sectton  of  piston  rock  drill.  1,  Cylinder;  2.  steam  chest;  3,  inlet  port; 
4,  exhaust  ports ;  5,  reverse  ports ;  6,  yalve ;  7,  valve  bashing ;  8,  buffer ;  9,  check  nut ; 
10,  top  head;  11,  oil  chamber;  12,  ratchet  ring;  13,  rifle  bar;  14,  ratchet;  15,  plug; 
16,  feed  nut ;  17,  lock  washer ;  18,  check  nut ;  19,  washer ;  20,  feed  handle ;  21,  yoke ; 
22,  feed  screw ;  23,  shell ;  24,  trunnion ;  26,  lower  head ;  26,  clamp  bolt ;  27,  bushing ; 
28,  gland;  29,  packing;  30,  piston;  31,  clamp  bolt;  32,  chuck  bushing;  33,  chuck 
button ;  34,  piston  rings ;  35,  cylinder  ports. 

regulation  of  the  air  supply  by  the  movement  of  the  piston  or  hammer 
itself. 

The  action  of  the  tappet  valve  is  indicated  in  Plate  IV,  4,  which 
shows  a  section  through  a  drill  equipped  with  such  a  valve.  As  in 
operation  the  piston  moves  from  the  position  shown  in  the  figure 
toward  the  lower  end  of  the  cylinder,  the  crank  end  of  the  tappet  rises 
and  the  other  end  drops  into  the  depression  of  the  piston,  thus  produc- 
ing around  the  tappet  pin  a  slight  rotation  sufficient  to  move  the  slide 
valve.  This  movement  admits  air  against  the  lower  end  of  the 
piston,  at  the  same  time  connecting  the  upper  end  of  the  cylinder  with 
the  exhaust  pipe.  The  piston  therefore  starts  in  the  other  direction 
and  a  similar,  but  reverse,  process  takes  place. 

The  operation  of  the  air-thrown  valve  is  somewhat  more  compli- 
cated than  that  of  the  tappet  valve.  In  figure  9,  showing  a  drill 
equipped  with  the  usual  form  of  air-thrown  valve,  the  action  of  the 
valve  may  be  traced  as  follows :  In  the  figure  the  piston  is  indicated 
as  just  starting  on  the  down  stroke,  the  valve  being  so  placed  that 
live  air  is  entering  the  top  cylinder  port  35  from  the  air  inlet  port 
3  by  way  of  the  connecting  passages  indicated  by  dotted  lines,  while 
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at  the  same  time  the  front  of  the  cylinder  is  connected  with  the 
exhaust  4  by  the  lower  cylinder  port  and  its  airways.  The  upper  end 
of  the  "  spool "  of  the  valve  is  connected  with  the  lower  end  of  the 
cylinder,  and  hence  with  the  exhaust,  by  the  reverse  port  5.  As  soon 
as  the  piston  in  its  travel  uncovers  the  other  reverse  port  5,  shown  by 
dotted  lines,  pressure  from  the  upper  end  of  the  cylinder  will  be 
transmitted  to  the  lower  end  of  the  spool  and  will  throw  it  against 
the  upper  end  of  the  valve  chest,  and  this  movement  will  alternate  the 
connection  of  the  ports  for  live  air  and  exhaust,  thus  reversing  the 
piston.  A  similar  process  is  then 
repeated  on  the  upstroke. 

In  a  recent  modification  of  the 
usual  air-thrown  valve  the  spool  is 
replaced  by  a  cylindrical  shaft 
carrying  two  flat  wings,  which 
somewhat  resemble  those  of  a 
butterfly.  The  operation  of  this 
valve  is  indicated  in  figure  10. 
In  the  figure,  upper  view,  the 
piston  P  is  represented  as  about 
to  start  on  the  forward  stroke. 
The  valve  is  thrown  so  that  live 
air  is  permitted  to  enter  through 
the  supply  ports  S,  S2,  and  SS2, 
while  the  spent  air  in  the  front 
end  of  the  cylinder  is  exhausting 
through  the  ports  EEl,  El,  and 
the  exhaust  E.  As  soon  as 
the  piston  in  its  forward  move- 
ment uncovers  the  exhaust  port 
EE2,  live  air  will  pass  through  EE2  to  E2  and  its  pressure  on  the 
valve  at  E2  will  balance  its  pressure  on  the  opposite  wing  of  the 
valve  facing  port  S2.  The  valve  will  then  be  in  equilibrium,  but 
will  be  held  stationary,  with  the  ports  S2  and  El  open  because  of  the 
impact  of  the  air  opposite  S2.  Near  the  end  of  the  stroke,  however, 
the  piston  closes  the  exhaust  port  EEl  and  in  passing  from  EEl  to 
Fl  it  compresses  the  air  which  is  trapped  in  the  clearance  space 
at  the  end  of  the  cylinder.  This  cushion  pressure,  communicated 
through  the  cylinder  ports  SSI  to  SI,  is  sufficient  to  throw  the  bal- 
anced valve  to  the  position  shown  in  the  middle  view.  Live  air  is 
then  admitted  through  SI  and  SSI,  the  exhaust  ports  EE2  are  opened, 
and  the  piston  starts  on  the  return  stroke. 

One  form  of  auxiliary  valve  used  on  a  well-known  piston  drill  is 
described  as  a  mechanism  in  which  the  strains,  shocks,  and  jars  to 
17164*— BoU.  57—14 7 


FiouBS  10. — Three  views  of  butterfly  valve, 
showing  its  action. 
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which  the  tappet  or  rocker  is  subjected  are  transferred  f r<Mn  the  main 
valve,  with  its  vital  and  delicate  functions,  to  a  smaller  auxiliary 
valve  weighing  only  a  few  ounces,  especially  designed  to  withstand 
this  service.    This  drill  is  illustrated  in  Plate  IV,  B. 

When  the  drill  is  in  operation  one  end  of  the  auxiliary  valve  pro- 
jects slightly  into  the  cylinder  and  is  thrown  by  the  piston  in  its 
travel.  The  movement  is  perfectly  free  and  very  short — only  enough 
to  uncover  a  small  port  and  release  pressure  from  one  end  of  the 
main  valve,  which  is  at  once  thrown  by  the  resulting  unbalanced 
pressure,  opening  wide  the  main  port  and  admitting  compressed  air 
to  the  other  end  of  the  piston  for  the  return  stroke.  The  auxiliary 
valve  is  simply  a  trigger  that  releases  the  main  valve. 

In  another  form  of  auxiliary  valve  (fig.  11),  the  main  air-thrown 
spool  is  controlled  by  two  auxiliary  valves  consisting  of  steel  balls 
that  are  positively  actuated  by  the  movements  of  the  piston.  In 
figure  11  the  piston  a  is  represented  as  having  just  started  cm  the 
down  stroke.     Compressed  air  is  entering  the  upper  end  of  the 

cylinder  through  the  port  g 
and  the  spent  air  in  the  lower 
end  is  escaping  through  the 
port  h  and  the  exhaust  cham- 
ber j.  At  the  end  of  the 
stroke  the  ball  c  wUl  drop  on 
its  seat  and  the  ball  d  will  be 
raised,  thus  allowing  the  air 
in  the  end  of  the  valve  chest  at 


ToaMMraad 

FiouEB  11. — Section  of  steel-ball  auxHiary  valve. 


/  to  exhaust  past  d  through  the  port  between  the  upper  and  lower 
balls.  The  unbalanced  pressure  thus  produced  throws  the  valve  to  the 
other  end  of  the  chest,  which  reverses  the  connections  between  the 
cylinder  chambers  and  the  inlet  and  exhaust  ports.  The  piston 
therefore  starts  on  the  return  stroke  and  a  similar  but  reverse  process 
takes  place. 

The  valveless  air-regulating  mechanism,  in  which  the  movement  of 
the  piston  itself  covers  and  uncovers  various  ports,  is  employed  almost 
exclusively  on  drills  used  for  stoping  only.  Although  rarely  chosen 
for  tunnel  work,  a  brief  description  of  this  method  of  regulating  air 
supply  is  warranted  by  its  extensive  use  in  its  own  field.  The  prin- 
ciple of  operation  is  illustrated  in  figure  12,  which  shows  cross  sec- 
tions through  the  cylinder  of  one  make  of  valveless  drill.  In  the 
position  shown  in  the  upper  view  of  the  figure  air  imder  pressure 
enters  from  the  feed  cylinder  through  the  port  a  and  passes  to  the 
front  of  the  piston,  where  it  exerts  pressure  at  all  times.  The  piston 
is  forced  back  until  the  port  e  is  uncovered,  when  compressed  air 
passes  through  the  port  /  and  exerts  pressure  on  the  top  of  the  pis- 
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ton.  As  the  area  of  this  face  is  greater  than  that  of  the  striking 
end,  the  piston  starts  forward.  Live  air  is  shut  oflF  when  the  port 
e  is  closed,  but  the  piston  is  pressed  forward  by  the  expansion  of  the 
air  until  the  exhaust  port  h  is  opened  just  as  the  blow  is  struck  on  the 
drill  steeL 

HYDBAULIC  DBHXS. 

The  best-known  hydraulic  rock  drill  is,  perhaps,  one  of  the  rotary 
type  developed  for  use  in  the  Simplon  Tunnel,  which  consisted  essen- 
tially of  a  hollow  steel  tube  armed  with  teeth  that  were  held  firmly 
against  the  rock  by  hydraulic  pressure  while  at  the  same  time  the 
tube  was  slowly  revolved  by  a  water-driven  motor.  This  drill  (fig. 
13)  is  described  by  Prelini,*  as  follows : 

This  rotary  motion  is  given  by  a  twin-cyUnder  single-acting  hydraulic  motor,  e, 
the  two  pistonsy  of  2|-inch  stroke,  acting  reciprocaUy  as  yalyes.  The  cranks 
are  fixed  at  an  angle  of  90°  to  each  other  on  the  shaft,  which  carries  a  worm, 


Fiouui  12. — Cross  sections  of  valveless  drill. 

gearing  with  a  worm  wheel,  q,  mounted  upon  the  sheU  r  of  the  hollow  ram  i, 
and  this  shell  in  turn  engages  the  ram  by  a  long  feather,  leaving  it  free  to  slide 
axially  to  or  from  the  face  of  the  rocki  The  average  speed  of  the  motor  is  150 
to  200  revolutions  per  minute,  the  maximum  speed  being  300  revolutions  per 
minute.  ♦  ♦  ♦  The  pressure  on  the  drill  is  exerted  by  a  cylinder  and 
hollow  ram,  i,  which  revolves  about  the  differential  pistons,  which  is  fixed 
to  the  envelope  holding  the  shell  r.  This  envelope  is  rigidly  connected  to  the 
bedplate  of  the  motor,  and,  by  means  of  the  vertical  hinge  and  pin  f,  is  held  by 
the  clamp  v  embracing  the  rack  bar.  When  water  is  admitted  to  the  space  In 
front  of  the  differential  piston  the  ram  carrying  the  drilling  tool  is  thrust  for- 
ward, and  when  admitted  to  the  annular  space  behind  the  piston  the  ram  re- 
cedes, withdrawing  the  tool  from  the  blast  hole.  The  drill  proper  Is  a  hollow 
tube  of  tough  steel  2}  inches  in  external  diameter,  armed  with  three  or  four 
sharp  and  hardened  teeth,  and  makes  from  5  to  10  revolutions  per  minute, 
according  to  the  nature  of  the  rock.  When  the  ram  has  reached  the  end  of  its 
stroke  of  2  feet  2\  inches  the  tool  is  quickly  withdrawn  from  the  hole  and  un- 

•Prelinl,  Charles,  TunDeling,  1902,  p.  103. 
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screwed  from  the  ram ;  an  extension  rod  is  then  screwed  into  the  tool  and  into 
the  ram,  and  the  boring  is  continued,  additional  lengths  being  added  as  the  tool 
grinds  forward ;  each  change  of  tool  or  rod  takes  about  15  seconds  to  25  seconds 
to  perform.  The  extension  rods  are  forged-steel  tubes  fitted  with  four-threaded 
screws  and  having  the  same  external  diameter  as  the  drill.  They  are  made  in 
standard  lengths  of  2  feet  8  inches,  1  foot  10  inches,  and  llf  inches,  l^e  total 
weight  of  the  drilling  machine  is  264  pounds  and  that  of  the  rack  bar  when  full 
of  water  is  808  pounds.  The  exhaust  water  from  the  two  motor  cylinders 
escapes  through  a  tube  in  the  center  of  the  ram  and  along  the  bore  of  the  exten- 
sion rods  and  drill,  thereby  scouring  away  the  debris  and  keeping  the  drill 
cool ;  any  superfluous  water  finds  an  exit  through'  a  hose  below  the  motors  and 
thence  away  down  the  heading.  The  distributor,  already  mentioned,  supplies 
each  boring  machine  and  the  rack  bar  with  hydraulic  pressure  from  the  mains, 
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FiGDRB  13. — Section  of  rotary  hydraulic  rock  drill 


with  which  connection  is  effected  by  means  of  flexible  or  articulated  pipe  con- 
nections, allowing  freedom  in  all  directions.  The  area  of  the  piston  for  ad- 
vancing the  tool  Is  15i  square  inches,  which  under  a  pressure  of  1,470  pounds 
per  square  inch  gives  a  pressure  of  over  10  tons  on  the  tool,  while  for  with- 
drawing the  tool  2i  tons  is  available. 

A  recently  invented  percussion  hydraulic  drill  is  described  fully  in 
the  Engineer,®  from  which  figure  14  and  the  following  Inief  abstract 
are  taken : 

The  drill  consists  essentially  of  a  cylinder,  in  which  is  a  piston,  c,  free  to 
move,  while  at  the  other  end  of  the  cylinder  is  a  flap  valve,  d,  which  is  kept 
open  by  a  spring.     The  interior  of  the  cylinder  is  in  communication  with  a 

•New  hydraulic  rock-boring  drill :  The  Engineer  (London),  Jan.  7,  1910,  p.  24. 
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"striking  tube,"  fff*  at  the  end,  /,  of  which  is  an  air  vessel.  When  the  valve  h 
l8  opened,  water  flows  through  the  apparatus,  out  past  the  valve  d,  into  the 
waste  pipe  e.  The  rush  of  water  past  the  valves  causes  the  pressure  on  the 
under  side  to  be  less  than  the  pressure  on  the  upper  side,  where  the  velocity 
isleas.    •    •    • 

*  *  *  When  the  velocity  attains  a  certain  value  the  difTerence  of  pressure 
is  sofllcient  to  close  the  valve,  and  the  column  of  water  in  the  striking  tube  is 
suddenly  stopped.  The  kinetic  energy  of  the  water  in  the  tube  is  communicated 
to  the  piston  c,  which  is  impelled  forward  with  high  velocity,  and  the  drill 
which  is  at  the  end  of  it  strikes  a  heavy  blow  on  the  stone  or  rock  being  bored. 

The  pressure  in  the  interior  of  the  cylinder  is  diminished  by  the  moving  out 
of  the  piston  c  *  *  *  enough  for  the  valve  to  open.  Water  then  streams 
through  the  open  valve.  The  piston  is  meanwhile  being  brought  back  to  its 
original  position  by  springs,  but  before  it  is  right  back  *  *  *,  the  valve,  d, 
doses,  and  the  direction  of  motion  is  reversed  by  the  hydraulic  shock.  The 
drill  thm  strikes  another  blow  as  before.    The  actual  apparatus  is  shown  in 


FiGUBi  14. — Sections  and  connectionB  of  hydraulic  percussion  rock  drill. 


section  and  plan  in  figure  (14  of  this  bulletin)  which  is  roughly  to  stale,  the 
over-all  length  betaig  about  4  feet. 

The  actual  magnitude  of  the  blow  depends  primarily  upon  (1)  the  weight  of 
the  striking  column;  (2)  the  velocity  of  the  water  when  the  valve  closes;  and 
(3)  the  weight  of  the  chisel  and  boring  bar. 

The  velocity  of  the  column  is  fixed  by  the  velocity  at  the  valve  required  to 
produce  the  necessary  difference  of  pressure  to  close  the  valve — I.  e.,  it  is  fixed 
by  the  stiflTness  of  the  spring  controlling  the  valve.  The  rapidity  of  the  blows 
is  limited  by  the  fact  that  after  each  blow  the  striking  column  is  brought  to 
rest,  and  it  must  be  accelerated  up  to  the  requisite  velocity  before  the  valve 
will  close.  The  rapidity  of  working  depends,  therefore,  upon  the  pressure  which 
is  urging  the  column  forward — 1.  e.,  it  depends  on  the  pressure  In  the  supply 
malna  The  actual  magnitude  of  the  blow  is  said  to  be  unaffected  by  the  vary- 
ing pressure  in  the  mains,  and  to  depend  only  on  the  weight  of  the  striking  col- 
umn and  the  strength  of  the  spring  controlling  the  valve.  The  inventor  claims 
that  machines  of  the  type  described  strike  from  20  to  30  blows  per  second,  while 
the  maximum  speed  of  percussion  machines  of  existing  types  is  from  3  to  5 
strokes  per  second. 
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One  of  these  machines  has  recently  undergone  a  series  of  tests  at  the  Millbank 
pumping  station  of  the  London  Hydraulic  Power  Ck).  The  pressure  used  was 
450  i>ounds  per  square  inch.  *  *  *  The  tests  were  carried  out  on  a  block  of 
hard  Portland  stone.  The  diameter  of  the  drill  used  was  2}  inches,  and  on  an 
average  progress  was  made  in  the  stone  at  the  rate  of  10^  inches  per  minute. 
This  is  equivalent  to  the  removal  of  46  cubic  Inches  of  stone  per  minute.  The 
drills  stood  up  to  the  work  so  well  that  after  holes  aggregating  about  25  feet  in 
depth  had  been  drilled  it  was  not  necessary  to  do  anything  to  the  edge.  A 
stream  of  water  plays  on  the  chisel  the  whole  time  and  serves  the  threefold  pur- 
pose of  keeping  the  chisel  cool,  of  rinsing  the  bore  hole,  and  of  allaying  the  dust 

ELExrraic  drills. 

An  electric  rock  drill  consists  primarily  of  an  electric  motor  and 
a  means  of  applying  the  power  developed  in  it  to  the  work  of  drilling 
rock.  In  some  machines  the  motor  is  mounted  directly  upon  the  drill 
frame,  but  in  others  it  is  removed  a  short  distance  and  connected  to 
the  drill  by  a  flexible  shaft  or  some  similar  device  for  transmitting 
power.  Provision  must  also  be  made  for  preventing  the  shocks  and 
jars  developed  by  the  impact  of  the  drill  steel  upon  the  rock  from 
being  transmitted  back  to  the  motor,  which  is  a  machine  incapable  of 
operating  for  any  length  of  time  under  such  conditions.  In  many  of 
the  earlier  models  springs  or  cushions  or  some  elastic  material  such 
as  rubber  were  used  for  this  purpose.  These  devices  failed  to  give 
satisfaction  either  because  of  inability  to  do  the  work  required  or  be- 
cause of  excessive  wear,  breakage,  and  annoyance.  In  two  or  three 
of  the  early  models  an  ingenious  attempt  was  made  to  avoid  these 
tix)ubles  by  taking  advantage  of  the  fact  that  if  an  electric  current  is 
passed  through  a  spiral  coil  of  wire  a  suitably  placed  bar  of  soft  iron 
will  be  drawn  into  it.  By  providing  two  such  coils  or  solenoids  and 
causing  the  current  to  flow  through  them  alternately  an  iron  piston 
carrying  a  drill  steel  was  made  to  reciprocate  between  them.  In  order 
to  have  the  blow  suiBciently  smashing  to  be  effective,  however,  a  pro- 
hibitive weight  of  copper  wire  was  needed  for  the  solenoids.  To-day 
practically  all  electric  drills  use  compressed  air  in  some  manner  to 
cushion  the  reaction  of  the  blow.  The  compressed  air  possesses  the 
very  desirable  characteristic  of  extreme  elasticity  and  is  not  affected 
by  wear  and  tear.  In  one  machine,  however,  a  hammer  is  made  to 
strike  the  end  of  the  drill  steel  by  centrifugal  force,  the  rebound 
giving  the  necessary  flexibility. 

One  of  the  successful  electrically  driven  rock  drills  that  has  been 
on  the  market  for  over  five  years  is  illustrated  in  Plate  III,  C.  In 
this  machine  the  drill  piston  is  reciprocated  by  alternating  pulsations 
of  compressed  air,  created  by  a  double-cylinder  air  compressor  driven 
by  a  standard  electric  motor.  Two  short  lengths  of  hose  connect  the 
air  compressor  to  the  drill,  each  running  from  one  of  the  compressor 
cylinders  to  opposite  e^ds  of  the  drill  cylinder.   The  air  in  the  system, 
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which  acts  as  an  unwearing  cushion  between  the  pulsator  and  the 
drill,  is  never  exhausted,  but  is  simply  used  over  and  over.  The  drill 
is  very  simple — ^merely  a  cylinder  containing  a  piston  and  rotating 
device — ^valves,  chest,  side  rods,  buffers,  and  springs  being  omitted, 
and  the  compressor  has  neither  valves  nor  water  jackets.  The  motor 
may  be  designed  for  either  direct  or  alternating  current  as  desired, 
and  it  is  mounted  with  the  compressor  on  a  wheeled  truck  for  easy 
handling. 

A  second  air-cushioned  electric  drill  of  the  piston  type,  but  one  in 
which  the  motor  is  mounted  directly  on  the  drill  frame,  is  illustrated 
in  figure  15.  In  this  drill  the  motor  m,  which  can  be  readily  detached 
from  the  rest  of  the  machine  whenever  the  drill  is  moved,  is  con- 
nected by  reducing  gears  to  the  crank  shaft  «,  which  drives  the  con- 


FiouiUB  15. — Cross  section  of  electric  air-cushioned  piston  drill. 

necting  rod  r.  This  is  attached  and  gives  a  reciprocating  motion  to 
the  cylinder  <?,  which  slides  in  suitable  guides  and  contains  a  piston  p 
provided  with  a  chuck  for  holding  a  drill  steel.  As  the  cylinder 
moves  forward  air  is  compressed  in  the  chamber  6  behind  the  piston 
and  makes  the  piston  move  forward,  which  causes  the  drill  bit  to 
strike  the  rock.  During  the  return  stroke  of  the  cylinder  the  compres- 
sion of  air  in  the  other  chamber,  /,  brings  the  piston  back  again  with 
it.  Rotation  is  obtained  by  means  of  standard  spiral  nut  and  ratchet. 
Details  of  the  feed  screw,  the  carriage,  and  other  features  are  shown 
in  the  illustration. 

In  an  electrically  driven  air-cushioned  rock  drill  of  the  hanmier 
type  (fig.  16)  power  is  transmitted  by  suitable  gears  and  cranks  from 
the  motor  to  a  piston  and  causes  it  to  reciprocate  in  an  air  cylinder. 
The  same  cylinder  contains  at  its  other  end  a  hammer  which,  how- 
ever, is  in  no  manner  directly  connected  with  the  piston.  As  the  lat- 
ter starts  on  the  down  stroke  it  compresses  the  air  in  the  space  be- 
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tween  it  and  the  hammer,  which  is  projected  forward  until  it  strikes 
the  end  of  the  drill  steel.  Just  as  it  does  so  it  releases  the  ccmh- 
pressed  air  by  uncovering  an  exhaust  port  controlled  by  a  poppet 
valve.    When  the  piston  starts  on  the  return  stroke  the  exhaust  valve 

closes  and  the  partial  vacuum  created 
pulls  the  hammer  toward  the  piston. 
The  latter  in  its  travel  uncovers  an  inlet 
port,  also  poppet  controlled,  admitting 
new  air  which  destroys  the  vacuum.  The 
momentum  of  the  hammer  would  cause 
it  to  strike  the  piston,  which  again  starts 
on  the  down  stroke,  were  it  not  for  the 
compression  of  the  air  entrapped  by  the 
closing  of  the  poppet  valve  as  soon  as  the 
vacuum  is  destroyed.  The  drill  stedl  is 
rotated  by  the  motor  through  a  shaft, 
gearing,  and  ratchet.  Water  is  forced  to 
the  cutting  edge  through  hollow  steel  by 
a  small  pump  supplied  with  the  drill ;  but 
if  water  imder  pressure  is  already  avail- 
able the  pmnp  may  be  disconnected. 
Another  feature  of  this  drill  is  the  auto- 
matic chuck  which  is  adapted  for  using 
steel  as  it  comes  in  the  bar,  thus  obviating 
the  necessity  of  forging  shanks. 

A  fourth  electric  drill,  also  having  an 
air-cushioned  hammer,  is  illustrated  in 
figure  17.  In  this  drill,  as  the  yoke  a 
moves  forward  the  piston  &  compresses 
the  air  in  the  chamber  c,  forcing  the 
cylindrical  hammer  d  against  the  anvil 
block  ^,  which  transmits  the  blow  to  the 
drill  steel  at  /.  On  the  return  stroke  of 
the  piston  the  compression  of  air  in  the 
chamber  g  brings  the  hammer  back  in 
readiness  for  another  blow.  Water  is 
forced  through  hollow  steel  by  a  small 
pump,  whose  plunger  reciprocates  with 
the  drill  piston. 

So  far  as  could  be  learned,  the  only 
electric  drill  in  service  to-day  that  does 
not  use  an  air  cushion  is  the  one  illustrated  in  Plate  V,  A.  In  the 
plate  are  shown  two  hammers  which,  although  free  to  slide  in 
their  sockets  in  the  revolving  disk,  are  thrown  out  by  centrifugal 
force  and  strike  the  anvil  block  which  transmits  the  blows  to  the 
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drill  steel.  The  steel,  which  is  held  in  a  chuck  rotated  by  a  worm 
gear  as  indicated,  is  of  the  anger  type,  the  spirals  acting  in  the  ca- 
pacity of  a  conveyor  for  removing  broken  rock  from  the  hole. 

GASOLINE  DBUXS. 

Because  the  difficulty  of  disposing  of  the  waste  products  of  combus- 
•-^n,  which  are  not  only  hot  and  disagreeable,  but  also  contain  gases 
1  ;urious  to  the  health  of  the  workmen,  makes  the  gasoline  drill 
^  rdly  suitable  for  service  underground,  and  because,  as  far  as  could 
u.  learned,  it  has  never  been  used  in  tunnel  work,  its  design  and 
construction  will  not  be  discussed  here." 

MERITS  OF  EACH  TYPE. 
PNEUMATIC  DRILLS. 

The  chief  advantage  of  the  pneumatic  rock  drill  is  its  ability  to 
withstand  rough  usage  and  still  perform  efficient  service.    The  work 


w==-^ 


FiouRB  17. — ^Another  type  of  electrically  operated  alr-cnabioned  hammer  drill. 

of  a  rock  drill  is  done  necessarily  under  conditions  that  would  quickly 
destroy  almost  any  other  type  of  machinery.  It  is  subjected  to  con- 
stant and  severe  vibration  when  in  operation,  for  although  it  is 
usually  held  firmly  and  securely,  it  can  not  be  mounted  rigidly. 
Lubrication,  when  supplied  at  all,  is  often  administered  in  large  doses 
most  irregularly,  and  it  is  impossible  to  prevent  sand  and  grit  from 
getting  into  the  machine,  thus  adding  greatly  to  the  wear  and  tear. 
In  many  cases  men  who  operate  it  have  no  conception  of  its  construc- 
tion and  ignorantly  subject  it  to  shocks  and  strains  for  which  it  was 
never  designed,  their  first  impulse  when  things  go  wrong  being  to 
seize  a  sledge  hammer  arid  hit  the  machine  in  the  most  convenient 
place.  All  drill  runners  of  course  do  not  belong  to  this  type,  but 
the  description  fits  a  much  too  large  percentage  of  them.  Everything 
considered,  the  rock  drill,  as  some  one  has  so  aptly  put  it,  must  be 

*  For  description  of  one  of  these  ma4*hine8  having  two  explosion  cylinders,  see  Bng.  and 
Mln.  Jonr.,  y&L  86,  Nov.  21,  1908.  p.  1008 ;  Bng.  News,  vol.  60,  Nov.  26,  1908,  p.  575 ; 
and  Mln.  and  8cL  Press,  vol.  97,  Dec.  19,  1908,  p.  852.  For  description  of  a  drill,  of 
EngUsh  manufacture,  in  which  a  cam,  driven  by  a  gasoline  engine,  trips  a  spring-actuated 
piston,  see  Bnglneer  (London),  vol.  110,  Sept  30,  1910,  pp.  365,  366,  and  Eng.  News,  vol. 
64,  Nov.  17,  1910,  p.  638. 
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capable  of  being  "  cleaned  up  with  a  sledge  hammer,  wiped  off  with 
a  scoop  shovel,  and  still  stay  with  you."  This  requirement  necessi- 
tates the  elimination  of  all  unsuccessful  features,  the  rejection  of  com- 
plicated parts  that  are  not  absolutely  essential,  the  determination  of 
the  proper  size  and  strength  of  those  remaining,  and  the  selection  of 
materials  having  the  proper  stability  and  wearing  qualities.  It  is 
only  natural  that  the  pneumatic  drill,  which  has  been  undergoing 
development  for  more  than  50  years,  should  be  able  better  to  cope 
with  the  conditions  and  to  operate  more  steadily,  with  fewer  inter- 
ruptions and  a  lower  cost  for  repairing  broken  or  worn  parts  than 
any  of  the  newer  types. 

Among  other  advantages  of  the  pneumatic  drill  may  be  men- 
tioned the  fact  that  it  furnishes  some  ventilation,  that  it  does  not 
require  the  introduction  underground  of  electricity  at  comparatively 
high  voltages  (oftentimes  a  source  of  danger),  nor  doas  it  require 
pipes  strong  enough  to  withstand  the  pressures  needed  for  the  rotary 
hydraulic  drill.  The  air  drill  should  not  be  relied  upon  too  strongly 
for  ventilation,  however.  In  the  first  place,  the  supply  of  air  is  mter- 
mittent  and  is  not  forthcoming  while  the  drill  is  vStopped  for  the 
purpose  of  changing  steel  or  moving  it  into  position  for  a  new  hole, 
etc. ;  in  the  second  place,  the  drills  are  not  in  operation  immediately 
after  the  blast — the  time  ventilation  is  most  needed — although  it  is 
true  that  the  use  of  pneumatic  drills  makes  it  possible  to  direct  a 
jet  of  compressed  air  into  the  heading  at  this  time  to  assist  in  remov- 
ing the  smoke;  and,  finally,  there  are  cases  on  record  in  which  the 
exhaust  from  the  drills  not  only  did  not  deliver  fresh  air,  but  even 
filled  the  heading  with  carbon  dioxide  and  other  dangerous  gases 
produced  by  combustion  of  oil  and  grease  in  the  receiver,  resulting, 
in  one  instance  at  least,  fatally  for  several  men.  Again,  at  timnels 
using  electric  haulage,  the  adoption  of  electric  drills  would  simply 
add  to  a  danger  already  present  rather  than  introduce  a  new  one, 
and  in  such  cases  the  advantage  of  the  air  drill  in  this  respect  is  not 
so  important 

The  most  important  disadvantage  of  the  pneumatic  drill,  on  the 
other  hand,  is  its  well-known  lack  of  power  economy.  Since,  as 
stated  by  Rix,«  "  the  tables  set  forth  in  the  trades  catalogues  for  the 
consumption  of  standard  piston  rock  drills  are  fairly  accurate,"  let 
us  determine  from  them  the  power  required  for  rock  drills  by  using 
his  estimate  of  20  brake  horsepower  per  100  cubic  feet  of  free  air 
per  minute.  The  lowest  figure  given  for  any  type  of  rock  drill  used 
at  the  tunnels  examined  for  this  report  is  65  cubic  feet  per  minute 
at  100  pounds  pressure,  whereas  drills  using  as  much  as  150  and  even 
175  cubic  feet  were  very  numerous.    On  this  basis,  then,  without  any 

'  Rix,  E.  A.»  Compressed-air  calcalatlons :  Address  before  the  mining  association  of  the 
Uniyersity  of  California,  Feb.  19,  1008. 
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allowance  for  loss  of  power  through  friction  in  the  pipes  or  leakage 
in  the  machines  when  they  become  worn,  pneumatic  drills  require 
the  application  of  13  to  35  brake  horsepower  at  the  compressor  dur« 
ing  the  time  the  machine  is  operating.  Although  the  rotary  hy- 
drauUc  drill  employed  in  the  Simplon  Tunnel  required  as  much  as 
13  hcHTsepower  ^  (exactly  the  minimum  figure  just  deduced  for  air 
drills)  it  is  by  comparing  the  power  used  in  air  drills  with  even  the 
maximum  of  6  horsepower  for  electric  drills,  many  of  which  run  on 
less  than  2,  that  the  large  difference  in  power  consumption  is  revealed. 

As  regards  the  different  types  of  pneumatic  drills  used  in  tunnel- 
ing, the  piston  machine  has  somewhat  the  advantage  over  the  hammer 
type  as  regards  reliability  and  efficiency  in  drilling  holes  vertically 
or  nearly  vertically  downward.  This  reliability  may  be  attributed, 
without  doubt,  to  its  simpler  construction.  It  does  not  contain  any 
mechanism  for  introducing  a  water  spray  through  a  hollow  drill 
steel,  it  is  not  troubled  by  crystallization  of  metal  parts  from  the 
repeated  shocks  of  rapid  blows,  and  it  has  a  much  greater  range  of 
feed.  The  last  feature  is  important  when  the  machine  is  handled 
by  an  inexperienced  operator,  giving  as  it  does  greater  latitude 
before  the  piston  begins  to  strike  the  front  head.  These  considera- 
tions make  the  piston  drill  more  nearly  "  fool-proof,"  and  hence  better 
adapted  for  use  by  ordinary  drill  runners — especially  those  in  the 
Eastern  States,  vrho,  as  a  rule,  are  neither  as  intelligent  nor  as  care- 
ful as  those  in  the  West.  Complexity  of  construction,  however, 
should  not  be  confused  with  the  number  of  parts,  for  if  this  were 
taken  as  the  standard  and  every  screw,  bolt,  or  nut  counted  sepa- 
rately it  could  be  shown  that  the  hammer  drill  is  the  simpler 
machine. 

The  greater  efficiency  of  the  machine  in  drilling  holes  that  point 
downward  was  clearly  brought  out  in  the  recent  extensive  drill  com- 
petition in  the  Transvaal,  according  to  the  committee  conducting  the 
test,  who  reported  that  one  of  the  main  reasons  for  the  better  show- 
ing made  by  the  piston  drills  underground  was  the  fact  that  prac- 
tically all  of  the  holes  drilled  there  were  pointed  downward.  This 
is  substantiated  in  several  instances  at  tunnels  in  this  country  in 
which  the  excavation  is  accomplished  by  the  heading-and-bench 
method;  in  such  tunnels  the  piston  drill  is  reported  to  have  given 
better  satisfaction  in  drilling  the  vertical  holes  required  for  the 
removal  of  the  bench. 

The  hammer  drill  of  the  type  used  in  tunnel  driving,  on  the  other 
hand,  requires  less  power  than  the  piston  machine,  is  lighter,  smaller, 
more  easily  handled  in  a  restricted  space,  and  is  able  to  drill  with 
greater  speed  holes  that  are  horizontal,  or  nearly  so,  especially  those 
pobting  slightly  upward  such  as  are  necessary  under  the  ordinary 

*  Comstock,  C.  W.,  Great  tunnels  of  the  world :  Proc.  Colo.  ScL  Soc.,  toI.  8,  1907,  p.  863. 
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methods  in  driving  tunnel  headings.  In  hammer  drills  the  air  con- 
sumption, and  hence  the  power  required,  varies  from  65  to  100  cubic 
feet  per  minute  at  100  pounds  pressure  (catalogue  rating)  as  com- 
pared with  135  to  175  cubic  feet  for  piston  drills.  The  weights  of 
hammer  drills  range  from  115  to  170  pounds,  whereas  the  piston 
machines  weigh  from  280  to  400  pounds,  and  the  dimensions  of 
the  former  are  approximately  four-fifths  those  of  the  latter.  The 
shorter  length  of  the  hammer  machines  makes  it  possible  to  start  the 
cut  holes  nearer  the  side  of  the  tunnel,  thus  obtaining  a  wider  angle 
between  each  pair  with  a  consequent  increase  in  the  chances  of  break- 
ing the  full  length  of  the  round  of  holes.  The  rate  of  drilling  is  of 
course  largely  dependent  upon  the  character  of  rock  penerated,  but 
the  data  of  Table  10  below  (in  which  it  will  be  seen  that  piston  drills, 
even  in  shale  and  sandstone,  rarely  drilled  over  10  feet  per  hour, 
whereas  the  hammer  drills  in  granite  and  other  hard  rock  rarely  fell 
below  that  figure,  15  and  even  20  feet  being  not  uncommon)  seem  to 
warrant  the  general  statement  that  the  hammer  type  has  the  greater 
speed  in  drilling  the  holes  required  in  tunnel  headings. 

Table  10. — Comparative  drilling  speed  of  piston  and  rock  drills  as  reported  at 

various  tunnels,* 


Name  of  tunnel. 

Type  of  drill. 

Cbaiacterof 

rock 
penetrated. 

Drilling 

speeds 

per 

per  hour. 

Remarks. 

Carter 

Hammer 

Piston 

do 

Granite 

Shale 

Feet. 
10 

8 

10.5 

ft-16 

2 

^10 

12-15 

15 

15.84 

10 

13 

10-20 

SO 

10 

»-10 
10 

^10 
15-20 

8-12 
10-15 
»8-12 

5-10 
13 

6-8 

Approximate. 

A  ftilr  averaee. 
Normal  copdltions 

Catskill  Aqueduct: 

Rondout 

Wftlllrfn  .         ,,.,,, 

.do... 

Central 

Hammer 

Piston 

do 

Gneiss 

Trap 

Fort  William  (water) 

flftlfl  Mnks.. 

Phenomenally  hard  rock. 
Appro3umate. 

Gneiss 

Breccfa 

Granite 

Hard  granite.. 

Granite 

do 

Joker 

Hammer 

do 

Ordinary  AniMHtv>ng 

Average    of    15    accoAtely 

tuned  shifts. 
Estimated  average. 
Average  of  3  drillB. 

Los  Angeles  Aqueduct: 

Little  Lake 

do 

Grapevine 

do 

Lncanlal 

do 

Marshall-Russell 

do 

....do 

Mission 

do 

Shale  and 

sandstone... 

Gneiss 

RhyoUte 

.do.. 

Medium  ground. 

Newhouse 

do 

NisquaUv: 

Headworks  end ... 

Piston 

Hammer.. . . 

Discharge  end 

Rock  fR  ftuch  hardier  tlian  At 

Ophelia 

Piston 

Hammer 

do 

Granite 

Andesite 

Granite 

do... 

other  end. 

Rawiey 

Average  of  4  accurately  timed 
drill  shifts,  19.7  feet. 

Raymond 

Siwatcfa 

do 

pnftke  O^M»k  . ,, . 

Piston 

do 

Diabase 

Andesite 

Shale 

Quartzite 

StUwell 

do 

Test  run. 

TTtAh  Met«i8 ... 

do 

a  Includes  time  used  in  setting  up  and  tearing  down  column  or  bar,  In  shifting  machine  to  new  holes, 
and  in  changing  steel,  but  does  not  include  time  used  in  mucking  for  set  up  or  in  loading,  blasthEig,  and 
clearing  smoke. 

b  During  a  competition  test  In  which  both  drUls  were  mounted  on  the  same  bar  In  order  to  obtain  Identical 
conditions  of  rock,  etc.,  the  piston  machine  drilled  21  feet  per  hour,  whereas  a  hammer  drill  made  only  20 
feet.  The  conditions  were  unusual,  however,  because  water  under  pressure  was  encountered  in  practically 
7  hole  drilled,  and  doubtless  influenced  the  results  greatly. 
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It  is  difficult  to  determine  just  how  much  of  the  greater  speed  of 
the  hammer  drill  is  due  to  the  mamier  of  attack,  the  water  feature, 
the  greater  ease  and  speed  in  replacing  a  dull  steel  with  a  sharp  one, 
or  to  the  nonreciprocating  drill  steel,  but  there  is  little  doubt  that  all 
these  factors  enter  into  the  result.  The  piston  machine  when  at- 
tacking the  rock  strikes  comparatively  slow,  heavy,  smashing  blows 
that  soon  dull  the  cutting  edges  of  the  bit,  especially  if  the  rock  be 
hard.  Then  until  the  steel  is  changed  the  penetration  must  be  ac- 
complished by  crushing.  Conversely,  the  more  frequent  blows  of 
the  hammer  type,  being  lighter,  do  not  dull  the  bit  so  quickly  and 
penetration  is  effected  by  a  chipping  action  which  is  speedier  as  well 
as  more  economical  of  power.  The  application  of  water  through 
a  hollow  steel  to  the  face  of  the  drill  hole,  in  addition  to  cooling 
the  drill  bit  and  preserving  the  temper  of  its  cutting  edges,  affords 
a  positive  means  of  removing  the  cuttings  promptly  from  the  front 
of  the  bit  This  not  only  prevents  the  recutting  and  grinding  of 
material  already  broken,  with  a  consequent  saving  of  power,  but  it 
increases  the  efficiency  of  the  machine  because  it  enables  the  drill 
bit  always  to  strike  an  uncushioned  blow  on  "  live  "  rock.  Hammer 
drills  having  the  water  feature,  however,  are  said  to  make  a  poor 
showing  when  drilling  vertical  holes.  This  is  doubtless  due  to  the 
fact  that  the  velocity  of  the  rising  current  of  water  in  the  drill  hole 
is  not  sufficient  to  prevent  the  rock  grains  from  settling  against  it 
to  the  bottom  of  the  hole  and  interfering  with  the  work  of  the  drill. 

The  plunger  action  of  the  piston  drills,  on  the  other  hand,  although 
it  is  probably  no  more  efficient  in  actually  removing  the  rock  grains, 
keeps  them  stirred  up  enough  partly  to  obviate  the  difficulty.  Any- 
one who  has  experienced  the  trouble  and  delay  of  changing  steels 
with  the  usual  chuck  in  piston  drills  will  appreciate  the  saving  in 
time  and  energy  resulting  from  the  use  of  a  chuck  into  which  the 
drill  needs  only  to  be  inserted.  As  in  the  hammer  drill  the  steel 
does  not  reciprocate,  the  elimination  of  friction  against  the  sides 
of  the  drill  hole  effects  a  considerable  saving  of  power  and  prevents 
a  retardation  of  the  blow,  even  though,  as  has  been  argued,  this  ad- 
vantage is  partly  offset  by  the  loss  of  power  in  heating  the  hanmier 
and  drill  end  and  in  overcoming  the  inertia  of  the  steel.  An  ad- 
diticmal  advantage  of  a  nonreciprocating  drill  steel  is  the  fact  that 
it  may  be  held  against  the  rock  at  any  desired  point  and  a  drill  hole 
started  wherever  nec^sary  without  loss  of  time,  a  feature  especially 
important  where  the  face  of  rock  is  oblique  to  the  drill. 

Piston  and  hammer  drills  employed  in  tunneling  are  seemingly 
on  an  equal  footing  to-day  as  regards  cost  of  drill  repair  parts,  al- 
though until  quite  recently  the  piston  drills  had  somewhat  the  advan- 
tage.   From  September,  1905,  to  March,  1906,  hanmier  drills  were 
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employed  at  the  Gunnison  Tunnel  with  a  drill-repair  cost  per  ma- 
chine of  13  cents  per  foot  of  hole  drilled ;  but  when  piston  drills  were 
substituted  the  repairs  were  reduced  to  8  cents  per  foot.*  Two  years 
later  (September,  1907,  to  August,  1908),  in  driving  the  last  3,000 
feet  of  the  Yak  Tunnel,  the  cost  of  materials  only  for  repairs  to  the 
hammer  drills  employed  was  only  If  cents,  approximately,  per  foot 
of  hole.  At  the  Marshall-Russell  Tunnel  where  hammer  drills  were 
employed,  the  average  cost  of  drill  repairs  from  June,  1908,  to  June, 
1911,  was  only  IJ  cents  per  foot  drilled.  Piston  machines  were  used 
at  the  Strawberry  Tunnel  from  January,  1909,  to  the  time  of  the 
authors'  visit  in  September,  1911,  the  cost  for  repairs  being  nearly  2^ 
cents  per  foot  drilled.  On  the  Little  Lake  division  of  the  Los  An- 
geles Aqueduct,  where  hammer  drills  were  employed,  the  average 
cost  of  drill-repair  materials  from  July,  1909,  to  May,  1911,  as  shown 
by  the  following  record  was  only  24  cents  per  foot  of  tunnel  exca- 
vated. As  each  of  the  two  machines  in  the  heading  drills  approxi- 
mately 8  feet  of  hole  for  every  foot  of  tunnel  excavated,  the  cost  per 
machine  per  foot  of  hole  is  1^  cents. 

Cost  of  repairs   for   hammer   air  drills.   Little  Lake   division,   Los   Angeles 
Aqueduct,  July  1909,  to  May,  1911. 
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8100.50 

180.72 

64.75 

46.28 

55.50 

113.60 

505.01 

67.03 

215.48 

399.70 

493.46 

146.56 

530.52 

230.51 

404.04 

585.78 

577.24 

303.06 

359.27 


$0,156 
.195 
.154 
.100 
.148 
.131 
.235 
.149 
.297 
.209 
.482 
.651 
.398 
.297 
.163 
.223 
.325 
.221 
.204 


.21 


For  1910  and  the  first  half  of  1911  the  repair  cost  of  hammer  drills 
at  the  Carter  Tunnel  was  2  cents  per  foot  drilled.  At  the  Lucania 
Tunnel  the  repairs  cost  one-half  cent  per  foot  drilled,  but  the  ham- 
mer drills  had  been  in  use  only  one  month  at  the  time  the  tunnel  was 
visited.    The  hammer  drills  at  the  Rawley  Tunnel  were  new  also, 

•  In  addition  to  the  cost  of  materials  these  fif^ures  Include  also  a  charge  for  the  labor 
of  the  machinist  making  the  repairs,  which  is  not  embraced  in  any  of  the  values  which 
follow.     This  fact  must  be  considered  in  making  comparisons. 
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the  repairs  for  June  and  July,  1911,  averaging  1  cent  per  foot  of 
hole.  These  figures,  which  are  based  upon  estimates  furnished  by 
managers  or  others  in  charge  at  the  various  tunnels,  do  not  pretend 
to  other  than  approximate  accuracy,  but  they  give  a  basis  of  com- 
parison such  as  has  been  hitherto  imattainable,  although  in  making 
such  comparisons  the  type  of  rock  must  of  course  be  duly  considered. 

In  spite  of  the  development  of  other  types  of  valve  mechanism  for 
air  drills,  the  tappet  valve,  which  was  one  of  the  pioneers  in  the 
field,  possesses  advantages  that  still  keep  it  in  demand  for  use  on 
piston  drills  intended  for  certain  kinds  of  work.  As  it  is  unaffected 
by  condensed  moisture,  which  greatly  interferes  with  the  action  of 
some  other  types,  it  is  especially  adapted  for  use  with  steam  or  with 
air  containing  a  large  quantity  of  water  vapor.  Its  distinctive  ad- 
vantage, however,  is  that  its  movement  is  positive — ^if  the  piston 
makes  a  stroke  the  valve  must  be  thrown — Whence  there  is  no  uncer- 
tainty or  "  fluttering  "  in  the  action  of  the  drill. 

The  tappet  drill  is  at  a  disadvantage  when  working  in  ground 
that  will  not  permit  the  use  of  a  full  stroke,  because  the  piston  must 
travel  far  enough  to  throw  the  valve  and  hence  too  short  a  stroke 
is  not  permissible.  Then,  too,  because  some  air  will  necessarily  be 
trapped  in  front  of  the  piston  and  compressed  after  the  valve  is 
thrown,  the  drill  strikes  a  cushioned  blow.  This  is  not  always  a 
disadvantage;  in  elastic  and  "springy"  rock  an  uncushioned  blow 
will  not  give  the  best  cutting  effect,  whereas  in  sticky  matwial  com- 
pression assists  the  piston  in  starting  on  the  return  stroke.  The 
tappet  is  subject  to  strains  and  wear,  which  necessitate  specially 
hardened  material,  not  only  in  the  tappet  itself  but  in  the  bearing 
surfaces  of  the  piston. 

Under  conditions  that  require  a  snappy,  vicious  blow  with  high 
air  pressure,  the  ordinary  air-thrown  valve  gives  the  best  results. 
This  valve  is  particularly  applicable  to  hammer  drills  in  which, 
because  of  the  small  size  and  weight  of  the  hammer,  it  is  essential 
that  there  shall  be  no  cushioning  of  the  blow,  and  the  air-thrown 
valve  is  customarily  employed  on  such  of  these  machines  as  are  not 
of  the  valveless  type.  When  used  with  piston  drills  the  air-thrown 
valve  permits  a  variable  stroke ;  it  renders  possible  a  change  at  will 
in  the  length  of  piston  travel  and  the  force  of  blow.  The  short  stroke 
and  light  blow  possible  with  this  type  of  drill  make  it  adapted  to 
starting  a  hole  or  to  drilling  through  seamy  rock.  After  the  hole  is 
under  way,  or  if  the  rock  is  solid,  a  full  stroke  is  used  to  get  the 
best  efficiency  from  the  machine.  The  air-thrown  type  of  valve  is 
not  positive  in  its  action,  however,  and  is  apt  to  be  somewhat  slug- 
gish with  air  or  steam  containing  much  water.  The  claim  is  made 
for  the  butterfly  type  that  it  avoids  this  difficulty  as  well  as  most 
of  the  troubles  caused  by  freezing  and  that  it  has  a  positive  and  at 
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the  same  time  a  flexible  action  which  permits  much  higher  speed 
than  other  valves. 

The  auxiliary  valve  is  designed  to  combine  the  advantages  of  the 
tappet  and  the  air-thrown  valves  while  avoiding  their  defects.  The 
lightness  of  the  tappet  auxiliary  is  said  to  prevent  the  injury  or 
retardation  of  the  piston  and  also  to  obviate  the  rapid  wear  of 
rings,  piston,  and  cylinders  caused  by  crowding  against  the  opposite 
cylinder  wall,  due  to  an  unbalanced  tappet  not  readily  moved.  A 
drill  equipped  with  this  type  of  valve  has  a  wide  variation  of  stroke 
and  delivers  an  uncushioned  blow.  The  main  advantage  of  the 
steel-ball  auxiliary  valve  is  its  great  resistance  to  wear  and  the  cheap- 
ness of  replacing  its  wearing  parts.  The  claim  is  made  for  this  valve 
that  it  assures  a  positive  action  of  the  drill  without  sticking  or  flut- 
tering and  yet  possesses  the  necessary  flexibility. 

The  valveless  regulating  of  admission  and  exhaust  has  the  advan- 
tage of  simplicity  and  lighter  weight  owing  to  the  elimination  of  the 
valve  and  valve  chest.  It  also  uses  air  expansively,  which  should 
result  in  economy  of  power.  It  entails  a  cushioned  blow,  however, 
thus  reducing  the  drilling  power  where  the  rock  is  hard  and  tough ; 
but  for  medium  hard  rocks,  especially  with  high  air  pressure,  the  dif- 
ference is  said  to  be  less  pronounced  because  the  lighter  and  more 
rapid  blows  chip  rather  than  pulverize  the  rock  and  enable  the  drill 
to  penetrate  readily.  One  real  disadvantage  is  the  fact  that  as  the 
cylinder  becomes  worn  there  is  a  leakage  of  air  past  the  piston, 
increasing  the  air  consumption  and  interfering  with  the  accurate 
working  of  the  drill. 

HTDBAULIC  DRILLS. 

Among  the  advantages  and  disadvantages  of  the  rotary  hydraulic 
drill  used  at  the  Simpl6n  Tunnel  should  be  mentioned  the  fact  that 
the  power  was  delivered  to  the  cutting  edge  without  the  shocks,  jars, 
and  strains  due  to  percussion,  thus  eliminating  one  source  of  wear 
and  tear.  The  machine  also  utilized  a  very  high  percentage  of  the 
power  stored  in  the  motive  fluid,  its  efficiency  being  given  by  one 
authority  as  70  per  cent.  Again,  by  passing  a  part  of  the  waste  water 
down  the  boring  tube,  chips  and  d6bris  were  promptly  removed  from 
the  cutting  edge,  thus  insuring  the  maximum  boring  power.  On 
the  other  hand,  the  pressure  required  for  operating  this  drill  was 
enormous,  ranging  from  450  to  1^00  pounds  per  square  inch,  accord- 
ing to  one  writer,  and  according  to  another,  1,470  pounds.  In 
any  case  the  piping  necessary  to  transmit  the  water  under  such  high 
pressures  must  have  been  expensive  to  install  and  maintain.  To 
withstand  the  back  pressure,  the  drill  also  required  extremely  heavy 
and  rigid  mountings,  which  made  it  cumbersome  and  hard  to  move, 
so  that  it  could  not  be  easily  placed  for  a  new  hole. 
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The  percussion  type  of  hydraulic  rock  drill  can  not  as  yet  be  said 
to  have  been  demonstrated  to  be  a  practical  success.  It  is  an  inter- 
esting poesibility,  however,  because,  like  the  hydraulic  ram,  it  utilizes 
the  shock  that  occurs  in  pipes  at  every  stoppage  of  a  moving  column 
of  water. 

KLBCTBIO  DBIIX8. 

Among  the  advantages  claimed  for  an  electric  drill  of  the  pulsator 
type  are  saving  of  power,  rapid  drilling  speed,  simpler  construction, 
and  less  trouble  with  fitchered  holes.  The  motors  used  to  operate 
the  pulsator  require  3  to  5  horsepower,  a  very  small  amount  com- 
pared with  the  necessities  of  the  ordinary  pneumatic  drill.  Although 
it  is  true  that  the  cost  of  power  used  by  a  drill  is  not  the  only  item 
that  determines  its  efficiency,  such  a  marked  diflFerence  in  power 
consumption  is  an  important  consideration.  Moreover,  the  pulsator 
electric  drill  has  the  full  drilling  speed  of  any  corresponding  standard 
air  rock  drill  and  has  practically  the  same  cost  for  wages  and  fixed 
charges.  The  pulsator  type  also  eliminates  many  parts,  such  as  valves, 
springs,  and  side  rods,  which  are  sources  of  trouble  and  unreliability 
in  other  rock  drills.  It  is  able  also  to  strike  a  heavy  blow  because 
the  pressure  of  air  back  of  the  piston  is  greatest  just  at  the  time  of 
impact;  and  should  the  drill  steel  become  caught  in  the  hole  from  any 
cause,  the  machine  does  not  cease  running,  as  is  the  case  with  air 
drills,  but  the  pulsator  continues  to  exert  several  hundred  alternate 
pulls  and  pushes  on  the  drill  steel  per  minute,  which  in  most  instances 
are  sufficient  to  loosen  the  drill  at  once. 

On  the  other  hand,  the  combined  drill  and  pulsator  are  cumber- 
some and  occupy  a  large  space,  every  inch  of  which  is  precious  in 
the  tunnel  heading — a  disadvantage  that  increases  directly  with  the 
number  of  drills  needed  for  the  work.  For  tunnel  work  it  is  neces- 
sary either  to  expend  extra  time  and  energy  in  placing  the  truck  and 
pulsator  upon  the  muck  pile,  where  they  are  subject  to  breakage  if 
the  muck  is  being  removed  simultaneously  with  the  drilling;  or  to 
wait  imtil  the  tunnel  is  cleared  of  debris  before  starting  to  drill,  a 
procedure  that  is  impracticable  if  speed  in  driving  is  required.  But 
if  there  is  no  particular  haste  or  if  drilling  and  mucking  are  alter- 
nated, this  disadvantage  is  not  so  serious. 

The  piston  electric  drill  described  on  page  101  does  away  with  the 
need  of  a  pulsator,  truck,  and  connecting  hose,  thus  making  a  com- 
pact machine  and  one  more  comparable  with  an  air  drill.  It  is,  how- 
ever, rather  heavy  (weighing  490  pounds  with  the  motor  attached 
and  380  pounds  without  it)  and  is  somewhat  difficult  to  handle  and 
move  in  a  small  heading.  It  has  a  marked  advantage  over  air  drills 
in  power  economy,  operating  as  it  does  on  4  horsepower,  and  actual 
results  show  that  its  drilling  speed  is  fully  up  to  that  of  standard 
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piston  pneumatic  drills.  At  the  Elmsford  Tunnel  of  the  Catskill 
Aqueduct  these  drills  are  reported  to  have  attained  a  speed  of  100 
feet  in  6  to  8  hours  when  drilling  in  a  comparatively  soft  mica  schist, 
but  in  the  harder  Fordham  gneiss  of  the  City  Tunnel  the  rate  was 
only  60  feet  per  shift  of  8  hours.  This  drill  is  still  in  the  process 
of  development ;  the  small  defects  that  always  appear  in  any  newly 
designed  machine  when  put  to  actual  use  need  to  be  corrected,  but  the 
results  attained  with  it  on  one  part  of  the  City  Tunnel  were  very 
encouraging.  One  of  the  machines  is  reported  to  have  operated 
there  for  more  than  five  weeks,  drilling  over  4,000  feet  of  holes  with 
only  minor  breakages,  such  as  pawl  springs. 

The  weight  of  the  air-cushioned  hammer  drill  and  motor  described 
on  pages  101-102  is  about  150  pounds  less  than  that  of  an  electric 
piston  drill  and  motor.  With  the  motor  removed,  although  it  weighs 
more  than  a  pneumatic  hammer  drill,  it  is  little  heavier  than  a  piston 
air  drill  of  corresponding  capacity.  Its  power  consumption  is  rated 
at  2^  horsepower,  and  in  the  tests  on  the  Catskill  Aqueduct  6  to  8  feet 
per  hour  was  the  average  drilling  speed  attained  in  ordinary  work, 
including  delays.  This  speed  was  undoubtedly  increased  as  the  de- 
lays from  breakdowns  became  less  frequent.  The  drill  was  still  in 
the  process  of  being  perfected  at  the  time  of  examination,  so  no  data 
could  be  obtained  as  to  its  reliability. 

The  other  air-cushioned  hammer  drill  (see  p.  102)  has  been  em- 
ployed in  several  mines  in  Colorado,  where  it  is  reported  to  be  per- 
forming creditable  service. 

The  average  power  consumption  of  the  rotary  hammer  drills  (pp. 
102-103)  is  about  1  kilowatt  per  hour  (IJ  horsepower).  They  were 
employed  on  the  Elmsford  contract  of  the  Catskill  Aqueduct  and 
were  reported  as  particularly  efficient  in  comparatively  soft  rock, 
drilling  at  times  as  high  as  100  feet  per  machine  in  an  8-hour  shift 

CHOICE  OF  DRILL. 

The  factors  to  be  ccxisidered  in  the  selection  of  a  rock  drill  for 
tunnel  work  are,  on  the  one  hand,  the  cost  of  power,  attendance, 
maintenance,  and  fixed  charges,  and  on  the  other  the  rate  of  drilling, 
the  best  drill  being  the  one  that  combines  all  these  factors  in  such 
a  way  as  to  develop  the  greatest  drilling  speed  for  the  least  cost  The 
power  cost  should  embrace  not  only  the  actual  power  at  the  tunnel 
plant,  including  charges  for  labor,  fuel,  interest,  and  depreciation, 
but  all  losses  in  generation,  in  transmission,  and  utilization  in  the 
drill.  The  wages  of  the  drill  runners  and  all  helpers  required  are 
just  as  much  an  item  of  operating  cost  as  the  charge  for  power.  The 
cost  for  maintenance  includes  the  cost  of  repair  parts  for  the  drill 
and  the  charge  for  the  time  of  the  machinist,  together  with  the  cost 
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of  sharpening  drill  steel.  The  fixed  charges  should  include  interest 
and  depreciation  on  the  cost  of  the  drills  and  a  proportion  of  the 
administrative  expenses.  The  rate  of  drilling,  on  the  other  hand, 
should  not  be  based  upon  the  speed  of  penetration  while  the  drill 
is  actually  hitting  the  rock,  but  should  include  all  delays  caused  by 
the  drill,  such  as  loss  of  time  in  preparing  the  set  up,  in  shifting  the 
drill  into  position  for  new  holes,  in  changing  drill  steels,  and  any 
other  interruptions  properly  chargeable  against  the  machine. 

Applying  the  specifications  mentioned  to  the  various  rock-drilling 
machines,  the  hammer  pneumatic  drill  is  seemingly  the  one  best 
adapted  for  use  under  ordinary  conditions  in  driving  mine  adits 
and  tunnels.  Its  power  consumption  is  more  than  that  of  electric 
drills^  but  is  about  equal  to  that  of  the  hydraulic  and  is  less  than 
that  of  the  piston  air  drill.  In  the  matter  of  attendance  it  has  some* 
what  the  advantage.  Both  the  piston  air  and  the  electric  types 
usually  require  at  least  two  men — a  drill  runner  and  a  helper — to 
operate  each  drill,  and  the  hydraulic  machine  requires  five  men.* 
With  the  hammer  drill  a  runner  is  necessary,  of  course,  but  one 
hdper  often  is  able  to  attend  to  two  drills,  or  two  helpers  to  three 
machines.  We  have  just  seen  that  there  is  practically  no  difference 
between  the  piston  and  hammer  air  drills  and  some  of  the  electric 
drills  as  to  repair  cost.  The  multiplicity  of  parts  in  the  rotary 
hydraulic  nuichine,  however,  is  said  to  have  been  a  source  of  much 
trouble  in  this  respect.  Theoretically  the  hammer  drills  do  not  dull 
the  steel  so  rapidly,  and  hence  should  call  for  less  of  the  black- 
smith's time  for  sharpening  bits.  Practically  this  difference  is  not 
important,  because  under  ordinary  conditicms  the  blacksmith  is  rarely 
overtaxed,  and  hence  the  extra  labor  of  sharpening  a  few  bits  more 
or  less  is  not  noticeable  on  the  cost  report.  The  fixed  charges  are 
such  a  small  part  of  the  total  cost  of  drilling  that  any  discrepancy 
in  them  is  rarely,  if  ever,  large  enough  actually  to  decide  the  ques- 
tion. The  rate  of  drilling  is  really  the  greatc^  factor  in  favor  of 
the  hammer  type  ordinarily  used  in  tunnels.  Not  only  does  it  pene- 
trate faster  when  actually  drilling  but,  as  it  has  not  the  excessive 
back  pressure  of  the  piston  machine,  it  can  be  employed  with  a 
lighter  set  up,  with  a  consequent  saving  of  time.  Then,  too,  its 
ability  to  start  a  hole  at  any  desired  point  and  to  drill  rapidly  holes 
that  point  upward  enable  it  to  be  used  advantageously  on  a  hori- 
zontal bar,  with  a  saving  of  the  one-half  to  one  and  one-half  hours 
required  to  remove  the  debris  before  setting  up  the  vertical  column 
generally  used  in  tunnel  headings  for  piston  air  drills.  The  ham- 
mer drill  not  only  demands  less  time  for  changing  drill  steels  but 
conserves  energy  as  well. 

•  Prellnl,  Chftries,  TunneHiig,  1902,  p.  105. 
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If  large  tunnels  are  being  excavated  by  the  heading  and  bench 
method  and  if  a  large  number  of  holes  are  being  drilled  downward, 
or  if,  because  of  acidulous  mine  water  or  some  other  reason,  the  water 
feature  of  the  hammer  drill  would  be  unsatisfactory,  the  piston 
pneumatic  drill  would  doubtless  give  equally  if  not  more  satisfactory 
results.  Or  if  speed  is  not  especially  required  and  the  drilling  and 
mucking  shifts  can  be  alternated,  the  pulsator  electric  drill,  with  its 
large  power  economy,  might  prove  the  most  efficient.  Moreover,  if 
the  self-contained  electric  drills  continue  to  be  improved  as  they 
have  been  recently,  their  greater  economy  of  power  will  without 
doubt  soon  outweigh  their  lower  drilling  speed  and  present  higher 
maintenance  charges,  especially  at  places  where  electricity  is  readily 
available.  On  this  account  their  development  should  be  closely 
watched. 

HATTLAGE. 

TUNNEL  CARS. 

Most  students  of  tunneling  methods  concede  that  an  essential,  and 
possibly  the  chief,  feature  of  the  problwn  is  the  rapid  removal  of 
debris  produced  in  blasting;  but  it  is  commonly  not  so  well  recog- 
nized that  the  speed  with  which  this  may  be  accomplished  is  greatly 
influenced  by  the  size  of  the  tunnel  car.  Large  cars  even  when 
empty  are  heavy  and  cumbersome,  but  when  full  of  rock  they  can 
be  handled  only  with  the  greatest  difficulty.  To  remove  such  a  car 
from  the  heading  and  replace  it  with  an  empty  one  requires  either 
several  extra  men  to  assist  in  the  work,  or  a  horse  or  mule  must  be 
provided  for  the  purpose.  In  addition  to  being  unwieldy,  large  cars 
occupy  a  greater  proportion  of  the  actual  space  in  the  heading,  con- 
stricted enough  at  best,  thus  preventing  the  shovelers  from  work- 
ing to  the  best  advantage;  the  added  height  involves  a  waste  of 
energy  because  each  shovelful  of  rock  must  be  lifted  a  greater  dis- 
tance, making  it  impossible  for  the  men  to  handle  as  much  material 
in  a  given  time.  With  large  cars  it  is  necessary  to  maintain  a  switch 
or  siding  near  the  end  of  the  tunnel  in  order  to  permit  the  empty 
cars  to  pass  the  loaded  ones,  and  time  and  labor  must  be  expended 
frequently  in  relocating  the  switch  nearer  the  heading  to  keep  pace 
with  the  tunnel  advance.  The  smaller  car,  on  the  other  hand,  when 
empty  can  be  tipped  off  to  one  side  out  of  the  way  and  replaced 
easily  when  needed,  thus  giving  a  clear  track  for  a  loaded  car  and 
obviating  the  necessity  for  a  switch.  In  case  of  derailment,  by  no 
means  rare  in  practice  because  of  the  poor  condition  of  most  tunnel 
tracks,  the  large  car,  even  when  empty,  is  harder  to  replace,  and  when 
full  must  sometimes  be  entirely  .unloaded  before  it  can  be  put  back 
on  the  track.    Although  a  larger  number  of  the  smaller  cars,  each 
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of  which  occasions  some  delay  in  its  arrival  and  departure,  is  neces- 
sary to  remove  the  same  amount  of  debris,  the  authors'  observa- 
tions, based  upon  a  study  of  actual  conditions  at  a  large  number  of 
tunnels,  are  that  with  proper  organization  greater  progress  is  at- 
tainable by  using  smaller  cars,  preferably  having  15  to  25  cubic  feet 
capacity.  The  tendency  at  many  American  tunnels  is  toward  the 
use  of  much  larger  cars,  especially  where  electric  haulage  is  em- 
ployed ;  but  the  use  of  large  cars,  when  analyzed,  has  been  shown  to 
be  a  handicap  rather  than  a  contribution  even  in  those  tunnels  in 
which  creditable  progress  has  been  made. 

In  design  the  cars  at  a  majority  of  the  tunnels  visited  follow  the 
standard  mining  types  with  tilt- 
ing bodies,  but  at  a  few  of  them 
other  types  were  employed  to 
meet  special  conditions.  A  car 
with  a  side-dumping,  tilting- 
box  body  used  in  the  west  end 
of  the  Gunnison  Tunnel  is  illus- 
trated in  figure  18.  End-dump- 
ing cars  are  similar  to  this, 
except  in  that  the  hinge  is  trans- 
verse instead  of  longitudinal 
and  the  door  is  situated  at  the 
end  instead  of  the  side.  The  car 
used  at  the  Laramie-Poudre 
Tunnel,  which  is  shown  in  fig- 
ures 19  and  20,  was  of  the 
turntable  type,  which  permitted 
dumping  from  both  sides  of  the 
track  as  well  as  between  the 
rails.  As  the  system  of  car 
handling  in  the  headings  at 
tiiis  tunnel  necessitated  throw- 
ing all  of  the  cars  over  on  their  sides  once,  and  nine-tenths  of  them 
twice,  on  each  trip,  the  connections  between  the  trucks  and  bodies  of 
the  cars  were  made  unusually  strong.  The  turntables  were  fitted  with 
two  concentric  rings  (fig.  20),  and  the  locking  mechanism  for 
securing  the  bodies  to  the  trucks  was  so  designed  that  when  the  releas- 
ing lever  was  fastened  in  place  the  cars  were  as  rigid  as  if  the  bodies 
were  riveted  to  the  axles.  A  car  of  the  rocker  type  (fig.  21  and 
PL  m,  B)  was  used  with  very  satisfactory  results  in  the  tunnels  of 
the  Los  Angeles  Aqueduct  At  the  Nisqually  Tunnel  a  similar  car 
(Pi  ni,  B)  but  with  a  slightly  different  locking  device  was  em- 
ployed. In  order  to  obviate  the  tilting  body,  the  car  at  the  Utah 
ifetals  Tunnel  was  constructed  with  the  floor  permanently  inclined 


FiouBB  18. — ^Tunnel  car  ased  in  the  we8t  end 
of  the  Gunnison  Tunnel,  *  side  and  end 
▼lews. 
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toward  the  side  door;  at  the  Carter  Tunnel  the  car  used  was  of  the 
gable  type,  in  which  the  floor  slopes  away  from  the  center  toward 
doors  on  eadi  side  of  the  body.    At  the  east  end  of  the  Gunnison 


FiouEs  19. — ^TnBBel  car  used  in  Laramie-Pondre  Tannel,  side  and  end  t1«wb. 

Tunnel  a  simple  open  box  car  with  the  body  bolted  directly  to 
the  truck  was  employed,  and  similar  cars  are  now  in  use  in  the  Straw- 
berry and  Newhouse  Tunnels.    Although  this  car  is  ideal  as  regards 
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its  simplicity,  it  requires  special  equipment  for  dumping,  because 
the  entire  car  must  be  turned  completely  over.    The  following  table 


^J^ 


■  jni    I 


J  '^  L 


:!"^f--^ 


^j 


FiGUBB  20. — Tannel  car  used  in  Laimmle^Poiidre  Tunnel,  plan. 


8BCTID3I  TSBOUQH  OAR  BODY 
WdffkfclTMpovnds 


Weisht  of  oMUron  nrkesl  70  pooada 
Weight  of  OMt-MMl  wheal  M  ponnda 


SECnOll  A«B 

FiGUnn  21. — ^Rocker-dump  tunnel  car  used  on  Los  Angeles  Aqueduct. 

contains  suggestive  data  concerning  the  cars  used  in  tunnels  and 
adits  in  the  United  States : 
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Table  11. — Data  concerning  timnel  cars  used  in  the  United  States. 


Name  of  tunnel. 

Tn)eofcar. 

Capac- 
ity. 

Track 
Sa«e. 

M* 

Means  of 
haulage. 

Remarks. 

Buffalo  (water) 

Rocker  dump 

Gable  dump 

Bide  dump 

...  (Jo 

Cubic 
21 

% 

40 

SO 

20 
81 
18 

14 

35 
54 
16 

SO 

32 

82 

32 

22| 

28 
221 

/fieftes. 
24 

18 

30 
SO 
36 

24 

18 
86 
18 
24 

24 

24 
24 
18 

42 

24 

24 
24 
18 

24 
18 

P9md», 
25 

12 

25 
25 
30 

20 

i2* 

20 

16 
16 
16 

80 

16 

16 
S5 
20 

16 
25 

Electric... 

Hone 

Mules 

Electric... 
Mules 

Electric... 

Mules 

Electric... 
Animals.. 
Horse 

Hand 

TroUey  and  stonsB 
battery. 

Carter..'. 

CatsklU  Aqueduct: 

Rondout  Siphon.... 
WaUUll  Biphon 

Moodna  Siphon 

Central 

Turntable,      end 
dump. 

Automatic    cage 

dump. 
Storage  battery. 

Chipeta 

Cornelius  Gap 

Fort  William  (water) . . . 

nnfd  TJnVfT,      ..      , 

Turntable,      end 

dump. 
Bucket  and   flat 

car. 

Bide  dump 

Box..         . 

Grand  Central  sewer 

Gunnison,  w«rt 

Electric... 
Mules 

Electric. 

Mules  and 

electric. 

Electric... 

...do 

Horse 

do 

Electric... 
do 

Derrick  dump. 

Lnramift-Poudre 

Turntable,      end 

dump. 
End  dump 

Rocker  dump 

do 

TiMunnnt. . 

Cradle  dump. 

Los  Anf^eles  Aqueduct: 
XittieLake 

Grapevine 

Elizabeth  Lake 

Tfimmia , 

do 

Turntable,      end 

dump. 
do 

MarshaU-Russell 

Vlfsfnn 

Side  dump 

Box 

RevolTtBgdoui^ 

Nlsqually 

Rocker  dump 

dump. 
do 

27 
17 

32 
16 
33 
20 
22 
47 
32 
83 

24 
18 

18 
18 
22 
18 
24 
24 
24 
19 

i6 
16 

16 
20 
80 
20 
80 
26 
84 
SO 

do 

Mules 

Horse 

Animals. . 

Electric... 

Horse 

do 

Electric... 

do 

do 

Rawiey...:::::::::::::: 

Raymond 

Roosevelt 

do... 

Slwatch 

Bide  dump 

End  dump 

Bide  dump 

Box 

Snake  Creek 

StUweU 

Strawberry 

Utah  Metals 

Bide  dump 

do.... 

Sloping  floor. 

Yak 

LOADING   MACHINES. 

Many  attempts  have  been  made  to  utilize  machinery  for  loading 
tunnel  cars.  In  several  of  the  larger  tunnels,  intended  for  railway 
purposes,  power  shovels  similar  to  those  used  in  grading  or  in  open- 
cut  mining  have  been  very  successfully  used  in  removing  the  broken 
rock  of  the  bench  after  blasting.  The  ordinary  steam  shovel  is  gen- 
erally employed,  a  few  minor  alterations  being  made  so  that  it  can  be 
operated  by  compressed  air.  Power  shovels  operated  by  compressed 
air  are  also  employed  in  some  of  the  mines  in  the  Joplin  (Mo.) 
district. 

The  "  mucking  machine  "  illustrated  in  Plate  VI  was  used  success- 
fully during  the  excavation  of  the  Hummingbird  Tunnel  at  Burke, 
Idaho.  Its  principal  feature  is  an  oscillating  trough  or  shovel  armed 
with  teeth  and  driven  by  a  compressed-air  piston  in  such  a  maimer 
that  the  forward  stroke  is  appreciably  faster  than  the  return.  When 
in  operation  the  teeth  rest  upon  a  steel  plate  under  the  muck  pile, 
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and  as  the  shovel  is  fed  forward  the  broken  rock  is  forced  by  the 
jerky  motion  backward  along  the  trough  and  discharged  upon  a  belt 
conveyor  which  delivers  it  to  an  ordinary  mine  car  at  the  rear.  The 
entire  machine  is  mounted  upon  a  wheeled  track  or  framework  and 
is  fed  forward  by  a  second  compressed-air  piston  connected  with  a 
crossbar  that  can  be  jacked  against  the  sides  of  the  tunnel.  It  is 
ess^itial  that  the  area  of  this  piston  be  smaller  than  the  one  that 
drives  the  shovel,  for  then  if  the  latter  encounters  a  bowlder  or  other 
obstruction  too  solid  for  it  to  dislodge,  the  entire  machine  can  move 
forward  and  back  with  the  stroke  of  the  larger  piston.  By  this 
means  the  machine  is  not  only  prevented  from  injury  before  the  ob- 
struction is  removed,  but  in  many  cases  it  will  work  the  bowlder 
aside  without  any  assistance.  One  man  is  required  to  operate  the 
machine  and  two  more  are  required  to  tram  the  car  to  and  from  the 
end  of  the  conveyor  and  to  shovel  the  rock  out  of  the  comers  of  the 
tunnel  into  the  trough,  for  the  machine  does  not  swing  from  side  to 
side,  but  merely  cuts  a  swath  down  the  center  of  the  tunnel  and 
hence  leaves  some  material  piled  on  each  side.  The  machine  is  re- 
ported to  have  reduced  the  time  required  to  clean  the  tunnel  from 
six  to  two  and  one-half  hours  and  to  have  made  possible  a  material 
increase  in  speed  of  driving. 

A  power  loader  of  a  somewhat  different  type  was  introduced  in 
the  excavation  of  the  bench  at  the  Yonkers  Siphon.  It  consisted  of 
a  chain  and  bucket  conveyor,  similar  to  that  used  in  mill  elevators 
and  on  some  gold  dredges,  which  delivered  the  material  to  a  hopper 
whence  it  was  carried  to  the  tunnel  car  by  a  flat  endless  belt. 

Owing  to  the  hardness  of  the  rock  and  the  prevalence  of  huge 
bowlders,  some  weighing  over  a  ton  and  necessitating  frequent 
stops  for  repairs,  this  machine  was  unable  to  compete  satisfactorily 
with  hand  loading.  The  machine  was  used  on  the  surface  for  load- 
ing rock  for  use  in  concrete  construction,  and  at  this  work  it  is  said 
to  have  given  excellent  satbfaction.  The  material  was  taken  from 
the  dump  pile  produced  in  excavating  the  heading  of  the  tunnel,  in 
which  the  rock  was  broken  more  uniformly  into  small  fragments  than 
the  material  produced  in  blasting  the  bench.  However,  the  size  of 
this  machine  precludes  its  use,  without  considerable  modification,  in 
a  small  tunnel  or  heading. 

MEANS  OF  HAULAGE. 

In  practically  all  tunnels  of  any  length  in  the  United  States,  either 
animals  or  electric  motors  have  been  or  are  employed  to  haul  the 
tunnel  cars.  In  Europe,  notably  at  the  Simplon  and  the  Loetsch- 
bnrg  Tunnels,  c(Mnpressed-air  locomotives  were  used  successfully. 
But  although  those  machines  are  employed  to  some  extent  in  this 
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country  in  mining  and  industrial  work,  they  have  failed  to  give 
satisfaction  at  tunnels  where  they  have  been  tried,  chiefly  because  of 
the  cost  of  high-pressure  air,  the  maintenance  of  charging  stations, 
the  time  lost  in  charging,  etc.  Many  mines  also  are  equipped  with 
cable  haulage;  but  because  of  the  constantly  increasing  length  of 
haul  as  the  heading  advances,  the  use  of  this  system  in  tunnel  work 
requires  such  frequent  delays  and  loss  of  time  in  extending  the  cable 
system  that  it  is  hardly  suited  for  tunnel  practice.  On  the  other 
hand,  gasoline  locomotives,  which  have  recently  proved  most  success- 
ful for  coal  mining,  are  in  most  particulars  especially  well  adapted 
for  tunnel  work  and  deserve  full  consideration. 

The  principal  advantage  of  animal  haulage  is  the  smaller  cost  of 
installation ;  moreover,  it  requires  no  special  intelligence  on  the  part 
of  the  driver,  and  the  ability  of  the  animals  to  step  across  the  track 
at  the  tunnel  headings  obviates  the  necessity  of  a  switch.  On  the 
other  hand,  the  costs  of  maintenance  and  operation  for  animal  haul- 
age not  only  are  high  but  go  steadily  on  whether  the  animal  is  work- 
ing or  not  and  are  influenced  only  slightly,  if  at  all,  by  the  size  of  t<m- 
nage  handled.  For  these  reasons  animals  are  not  economical  for  use 
in  l(xig  tunnels,  because  the  saving  in  installation  expense  is  soon  de- 
stroyed by  the  increased  operating  costs.  Then,  too,  the  odors  aris- 
ing from  the  track  are  offensive  and  disagreeable  when  animals  are 
employed  and  their  respiration  vitiates  the  underground  atmosphere, 
necessitating  more  ample  ventilation.  As  far  as  efficiency  is  con- 
cerned, there  is  little  if  any  difference  between  horses  and  mules, 
although  the  latter  are  considered  by  some  to  be  the  sturdier.  Mules, 
however,  are  better  fitted  for  work  in  low  tunnels,  because  they  are 
usually  somewhat  smaller  than  horses  and,  being  less  nervous,  do  not 
throw  their  heads  violently  up  and  back  when  anything  touches  their 
ears. 

Electric  mine  locomotives  may  be  divided  into  two  classes — ^those 
operated  from  a  trolley  system  and  those  obtaining  their  electrical 
current  from  a  storage  battery.  The  former  are  so  familiar  as  hardly 
to  require  description.  They  generally  conast  of  two  motors, 
ruggedly  constructed  to  withstand  rough  usage  and  protected  from 
dust  and  moisture,  mounted  upon  a  cast-iron  or  structural-steel 
frame,  which  also  carries  the  trolley,  controller  rheostat,  and  other 
accessories.  The  sides  of  the  frame  may  be  placed  either  inside  oc 
outside  of  the  wheels.  When  placed  outside,  more  space  is  availaUe 
for  the  motors  and  other  equipment  and  the  various  parts  of  the  ma- 
chine are  more  readily  accessible.  When  the  frame  is  placed  inside 
the  wheels  the  car  has  a  smaller  over-all  width  and  is  therefore  more 
suitable  for  narrow  tunnels. 

The  storage-battery  locomotive  is  similar  in  most  respects  to  the 
trolley  machine,  except  that  provision  must  be  made  for  carrying  the 
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neoesBuy  batteries.  In  most  cases  the  batteries  are  carried  directly 
npoD  the  motor  itself,  bnt  the  loc<Mnotiye  installed  at  the  Central 
Tannd  is  somewhat  unique,  in  that  the  batteries  are  placed  upon  a 
separate  car  or  tender.  When  the  machine  is  handling  cars  in  the 
tmmel  it  obtains  its  current  from  the  battery;  upon  reaching  the  tun- 
nel mouth  the  tender  is  left  on  a  side  track,  where  it  is  accessible  for 
recharging,  and  a  trolley,  with  which  the  locomotive  is  also  equipped, 
is  employed  for  switching. 

Electric  locomotives  are  ccMnpact  and  simple  in  construction  and 
do  not  emit  smoke,  gas,  or  disagreeable  odors.  They  are  more  rapid 
and  are  capable  of  hauling  a  much  greater  load  than  either  a  horse 
or  a  mule,  and  the  cost  of  the  power  used  is  not  nearly  so  great  as 
the  cost  of  forage.  But,  on  the  other  hand,  they  require  the  instal- 
lation of  extra  machinery  in  the  power  plant,  an  expensive  trolley 
wire,  or  a  troublesome  storage  battery,  and  the  roadbed  and  track 
must  not  only  be  heavier  in  construction,  but  usually  the  rails  must 
be  bonded  to  make  them  good  electrical  conductors.  The  disadvan- 
tage of  the  cost  of  the  extra  electrical  machinery  is,  of  course,  partly 
offset  by  the  fact  that  it  can  be  utilized  also  to  operate  the  ventilating 
machinery  and  to  furnish  illumination  for  the  tunneL  The  use  of 
trolley  wires  in  the  restricted  tunnel  space,  however,  introduces  the 
grave  danger  of  serious  injury  to  persons  coming  in  contact  with 
them. 

Gasoline  locomotives  consist  essentially  of  a  frame,  usually  of  cast 
iron,  upon  which  are  mounted  the  gasoline  engine  (usually  4-cy Un- 
der), tiie  necessaiy  transmission  system  containing  gears  and  clutches, 
togkher  with  the  carburetor,  magneto,  cooling  system,  and  other 
accessories.  In  external  appearance  they  are  not  unlike  the  electric 
locomotives  described  above.  Two  forward  and  two  reverse  speeds 
are  usually  provided  in  the  machines  manufactured  in  this  country, 
a  lower  one  of  3,  4,  or  5  miles  per  hour  and  a  higher  speed  double 
that  of  the  lower.  The  drawbar  pull  ranges  from  1,000  to  4,000 
pounds,  according  to  the  size  of  the  locomotives.  In  some  of  the  ma- 
diines  the  exhaust  gases  from  the  engine  are  passed  through  a  tank 
containing  a  solution  of  calcium  chloride,  which  cools  the  gases  and 
is  said  to  remove  all  offensive  odors  from  them.  In  a  German-made 
machine  the  exhaust  gases  are  sprayed  with  water  to  produce  the 
same  effect 

The  gasoline  locomotive  combines  most  of  the  advantages  of  both 
electric  and  animal  haulage.  It  is  self-contained  and  independent 
of  a  central  station  or  any  other  outside  source  of  power.  It  is  fully 
as  rapid  as  the  electric  motor  ordinarily  used  in  tunnels  and  is  capable 
of  handling  an  equal  load.  The  fuel  for  a  gasoline  locomotive  can 
be  obtained  readily  in  almost  any  locality,  and  the  machine  does  not 
consume  fuel  when  it  is  not  running,  a  matter  of  great  importance  in 
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tunnel  work,  where  interruptions  necessarily  occupy  a  large  per- 
centage of  the  time.  Another  advantage,  although  perhaps  not  so 
important  for  tunnel  work,  is  the  fact  that  the  haulage  system  may  be 
expanded  by  the  addition  of  extra  units  without  alteration  in  the 
power  plant. 

The  following  table,  based  upon  replies  from  operators  and  users 
of  gasoline  locomotives  received  in  answer  to  inquiries  sent  out  by 
this  bureau  early  in  1912,  shows  the  cost  of  haulage  with  these 
machines : 

Table  12. — Operating  cost  of  gasoline  haiUage, 


Name  of  operator. 


t 


I 


r 


f 


I 


i 


i_. 


I 


Alden  Goal  Co.,  AldeD,  Pa. . 
Breese-Treoton  Mining  Co., 

Trenton,  111 

Dnrfaam  Coal  A  Iron  Co., 

Cbattanoqea,  Tenn 

BendMBOQ  Coal  Co.,  Pltts- 

t>urgb.Pa 

H.  B.  Swope  A  Co.,  Ma- 

"-i,Pa 


Pocahontas  Smokelflss  Coal 
^.Va... 


Co.,W6lch,W.       . 
MldvaUer  Coat  Qo.,  Wfl- 

burton,Pa 

ICunroo  Coal  Mining  Co., 

Bamam,  W.  Va 

Roane  Iron  Co. ,  Rockwood, 

Tenn. 

Shade  Coal  Khiing  Co., 

Mount  Pleasant,  Pa 

Tennessee      Consolidated 

Coal  Co.,   Tracy   City, 

Tenn 

Vaughen  Coal  &  Coke  Co., 

Roderteld,W.Va. 


ao 

40 

aoi  82 
35 
60 
20|  31 
9     M 


18.6 
11 
6 


Ftet, 

1,760 


12 


61      9 


2,300 

1,000 
12  5,300 
10  8,000 
10  3,400 

11,500 
6  3,000 
14  6,800 

3,000 


37 


14     8619.5 


11 


1027.6     14 


7  3,500 
10,500 


1,370 
615 
60 
616 
475 
807 

1,330 
800 
600 
740 

440 
830 


€Mt. 


9||0.86K4880.30|&54tO.OM 


3.00 
1.66 
8|  L04 
2.25 
1.44 
1.60 
2.30 
1.80 
3.30 


5.90 
8.50 
6.80 
6.34 


8.76 
3.60 
3.50 


15  2.50 

16  8.60 


.60 
.85 
.82 
.25 


4.50     .86 
4.14     .12 


.16 
.41 


4.10     .65 
4.50     .90 


8.40 
6.00 
6.66 
8.74 
G.39 
&76 
6.10 
6.31 
6.56 

7.35 
9.00 


(•) 

(») 

101|S1.7Q  I 

.83 

.57 

.35 
.83 
1.00 

.32     .008 


.016 


.011 
.018 
.08 
.004 
.03 
.009 


.0076 

.016 
.011 


fOLlS 
013 
090 
081 
006 
OM 


.80     .018 


a  None  as  yet. 


ft  Not  given. 


«  Not  ezoesslTe. 


Practically  the  only  disadvantage  of  the  gasoline  locomotive  is 
the  character  of  the  exhaust  from  the  engine,  but  this  can  be  elimi- 
nated by  proper  and  adequate  ventilation.  If  the  gas  were  confined 
in  a  small  unventilated  space  the  air  would  soon  become  unfit  for 
breathing,  but  as  the  greater  part  of  the  time  the  motor  is  traveling 
back  and  forth  in  the  tunnel  and  as  a  large  volume  of  air  is,  under 
proper  management,  being  supplied  by  the  ventilating  blower,  the 
exhaust  gases  from  the  engine  are  quickly  diluted  to  harmlessuess. 
It  is  essential,  however,  that  the  blower  be  arranged  to  deliver  air 
to  the  heading  through  the  ventilating  pipe  rather  than  through  the 
tunnel,  in  order  that  the  air  may  reach  the  workmen  as  pure  as 
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possible.  Even  if  it  should  be  neoessaiy  to  operate  the  blower  at 
full  load,  the  added  cost  of  doing  so  would  be  more  than  repaid  by 
the  saving  effected  by  the  gasoline  haulage. 

DUMPING  DEVICES. 

The  box  cars  used  at  the  Strawberry  Tunnel  were  dumped  by 
an  electrically  operated  stiff-leg  derrick.  The  hook  in  the  derrick 
block  carried  a  bail  that  engaged  trunnions,  one  at  either  end  of 
the  car.  The  trunnions  were  placed  in  such  a  way  tEat  when  an 
empty  car  was  picked  up  by  the  bail  the  weight  of  the  running  gear 
was  sufficient  to  hold  the  car  upright,  but  if  the  car  was  loaded  its 
center  of  gravity  was  above  the  trunnions.  A  spring-actuated  pin, 
placed  in  one  leg  of  the  bail  and  engaging  a  hole  in  the  car  body 
above  the  trunnion,  prevented  the  car  from  overturning  until  it  was 
swung  out  over  the  place  where  the  rock  was  to  be  deposited,  when 
by  pulling  a  rope  the  attendant  could  disengage  the  pin  and  permit 
the  car  to  turn  over  and  deposit  its  contents.  It  would  then  auto- 
matically right  itself  and  could  be  swung  back  on  the  track.  The 
derrick  was  mounted  on  wheels  so  that  it  could  more  easily  be  moved 
ahead,  T)ut  moving  was  necessary  only  at  intervals  of  three  to  six 
months. 

Among  the  advantages  claimed  for  this  system  of  dumping  was 
that  it  could  be  operated  by  the  train  crew,  the  motorman  running 
the  hoist  and  the  brakeman  adjusting  the  bail,  thus  saving  the  labor 
of  a  dumping  gang.  Then,  too,  it  gave  a  much  larger  dumping  area, 
with  a  consequent  saving  of  the  time  that  with  the  ordinary  mine 
car  is  lost  in  shifting  tracks,  etc.  But  this  saving  was  offset  in  part 
by  the  settling  of  the  dump  and  on  this  account  the  moving  of  the 
derrick  was  accomplished  with  great  difficulty.  It  is  probable  that 
some  of  this  annoyance  could  be  avoided  in  a  future-  installation  by 
using  very  wide  wheels  similar  to  the  type  used  on  roller  trucks  for 
moving  houses.  However,  the  derrick  is  expensive,  costing  when 
erected  at  the  tunnel  approximately  $3,600,  of  which  hardly  more 
than  $1,500  could  be  realized  from  its  sale  after  the  completion  of 
the  work.  For  this  reason  its  use  must  extend  over  a  considerable 
length  of  time  in  order  that  the  saving  in  wages  may  repay  the 
original  cost. 

At  the  Newhouse  Tunnel  the  loaded  cars  were  rolled  into  a  cylin- 
drical steel  framework  having  rails  at  the  bottom  and  a  set  of  angle- 
iron  guides  at  the  top  with  just  enough  clearance  space  between  them 
to  hold  the  car  firmly.  The  entire  apparatus  was  then  revolved  by 
an  electric  motor  until  overturned,  emptying  the  contents  of  the 
car,  and  it  was  then  righted  by  continued  revolution  and  the  car 
removed.    Although  used  here  only  for  ore  cars,  the  dumped  mate- 
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rial  falling  into  a  bin  for  shipment,  it  offers  a  satisfactory  and  rea- 
sonably inexpensive  means  of  dumping  the  more  durable  8(^d-body 
and  truck  cars  and  could  doubtless  be  applied  to  tunnel  dumps  by 
the  use  of  a  light  trestle  or  similar  structure. 

Almost  any  one  of  the  various  cradle  dumps  used  at  many  coal 
mines  can  readily  be  adapted  to  tunnel  work  by  mounting  it  upon 
a  stout  frame  of  logs  or  large  timbers,  which  could  be  pushed  forward 
along  the  top  of  the  rock  pile,  as  necessary.  By  this  means  it  is 
possible  to  eliminate  hinges  and  turntables  between  the  body  and 
the  truck  of  the  car,  thus  simplifying  and  strengthening  its  con- 
struction. One  of  these  cradle  diunps  was  used  at  the  Lausanne 
Tunnel.  It  was  not  expensive  and  saved  considerable  time  in  dump- 
ing cars  and  in  keeping  the  rock  pile  in  proper  condition.  It  was 
pushed  forward  by  the  motor  every  two  or  three  days,  requiring 
only  a  few  minutes  for  the  operation.  Figure  22  illustrates  a  similar 
dumping  device  used  at  the  Cameron  mine,  Walsenberg,  Colo.  It 
has  the  added  advantage  of  being  mounted  on  a  turntable,  thus 

giving  nearly  dou- 
ble the  top  width 
of  dump  attainable 
with  ordinary  cra- 
dle devices.  As 
described  in  Mines 
T  T    "^^T     "      T "^  *^^  Minerals,*  the 

PiouM  22.— TurnUble  cradle  dump  used  at  Cameroa  mine.  ^^^^P  COnSlsts  es- 
sentially of  three 
plates  of  i-inch  iron  3  by  4  feet  in  size.  To  the  top  plate  are  bolted 
a  pair  of  mine  rails  with  the  ends  bent  up  into  horns.  This  upper 
plate  revolves  on  the  mine  car  axle  e,  the  bearings  for  which  are 
supported  upon  a  mine  rail  and  bolted  to  the  middle  plate.  A  piece 
of  channel  iron,  d^  is  bolted  to  the  middle  plate,  and  upon  it  the  dump 
falls  back  after  a  load  of  rock  has  been  discharged.  The  upper  plates 
as  a  imit  revolve  upon  the  two  annular  pieces  of  iron,  &,  22  inches  in 
diameter.  The  king-pin,  c,  is  1  inch  in  diameter  and  the  plates,  where 
it  passes  through  them,  are  reinforced  by  a  piece  of  ^  by  3  inch  bar 
iron.  The  lower  plate  is  supported  by  four  short  lengths  of  12-pound 
mine  rail. 

INCIDEirTAL  tnTDESGBOUND  EQUIPMENT. 

TCTNNBLINO   MACHINE. 

Although  tunnels  have  been  constructed  for  mine  drainage,  irri- 
gation, and  supplying  water  to  cities  for  thousands  of  years,  they 
were  so  few  in  number  during  ancient  times  and  constructed  at  such 

•October.  1911,  p.  158. 
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irregular  intervals  that  there  was  no  great  incentive  to  improve 
upon  the  methods  ordinarily  employed  in  building  thenu  However, 
with  the  advent  of  the  steam  railroad  it  was  soon  realized  that 
the  desirability  of  maintaining  level  gradients  would  necessitate  the 
driving  of  many  tunnels,  and  the  active  minds  of  inventors  were 
immediately  directed  toward  the  problem  of  making  a  machine 
that  would  do  this  work  more  or  less  automatically. 

The  first  tunneling  machine  of  which  any  record  could  be  found 
was  constructed  at  Boston  in  1851  for  use  in  the  Hoosac  Tunnel. 
It  weighed  70  tons  and  was  designed  to  cut  in  the  face  of  the  tunnel 
a  circolar  groove  13  inches  wide  and  24  inches  in  diameter  by 
means  of  revolving  cutters.  The  trial  of  this  machine  in  the  tunnel 
proved  unsuccessful,  and  a  distance  of  only  about  10  feet  was  cut 
with  it  before  it  was  aband<Hied.  In  1853  the  Talbot  tunneling 
machine,  which  was  deigned  to  make  an  annular  cut  17  feet  in 
diameter,  leaving  a  cylindrical  core  to  be  removed  by  blasting,  was 
tested  near  Harlem,  New  York,  but  also  proved  unsuccessful.  Later 
a  smaller  machine  was  constructed,  adapted  to  cut  an  8-foot  annular 
groove.  The  smaller  machine,  although  less  unwieldy  than  ite  pre- 
decessor, also  proved  a  complete  failure  after  $25,000  had  been 
expended  upon  it.  Numerous  machines  constructed  upon  almost 
every  conceivable  principle  have  been  experimented  with  since  1853, 
but  most  of  them  have  been  entirely  discarded. 

However,  it  is  not  safe  to  predict  that  a  tunneling  machine  will 
not  be  constructed  to  perform  this  work  in  the  future  because,  diffi- 
cult as  the  problem  of  designing  such  a  machine  appears,  the  obstacles 
in  the  path  are  no  greater  than  they  have  been  in  scores  of  other 
instances  where  slow  and  costly  manual  methods  have  been  superseded 
by  less  expensive  and  more  expeditious  mechanical  processes.  The 
invention  of  some  new  rock-cutting  device,  or  the  material  improve- . 
ment  of  some  of  those  now  known,  nuiy  simplify  the  problem  to  such 
an  extent  that  the  construction  of  a  successful  tunneling  machine  will 
be  rendered  comparatively  easfy.  The  simple  device  of  putting  an 
eye  in  the  point  of  a  needle  made  the  sewing  machine  possible;  the 
breech-loading  gun  was  a  complete  feilure  until  the  brass  cartridge 
was  invented;  and  not  even  the  genius  of  a  Langley  or  a  Wright 
could  construct  a  flying  machine  until  the  internal-combustion  engine 
had  reached  ite  proper  stege  of  development 

One  of  the  great  obstacles  encountered  by  legitimate  investigators 
b  this  field  has  been  the  great  difficulty  of  obtaining  funds,  for  with 
this  machine,  as  well  as  with  any  other  new  and  complicated  machine 
built  to  operate  under  difficulties  and  strains  that  can  not  be  measured 
in  advance,  costly  experimentel  woris:  is  necessary.  It  must  be  remem- 
bered that  machines  of  the  size  and  strength  necessary  to  cut  the 
entire  face  of  a  tunnel  as  a  single  operation  are  of  necessity  costly, 
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and  their  maintenance  during  the  trial  stages  is  extremely  expensive. 
For  this  reason  success  can  hardly  be  expected  unless  the  inventor, 
or  the  company  back  of  him,  commands  large  funds.  The  failure 
of  one  badly  designed  and  inadequately  financed  machine  after 
another  and  the  suspicions  aroused  in  the  minds  of  possible  investors 
by  the  untruthful  and  flamboyant  "  literature ''  that  has  been  issued 
by  too  many  alleged  tunnel  •machine  companies  in  their  efforts  to 
"work  the  public"  have  caused  most  people  to  look  upon  machines 
of  this  kind  with  extreme  distrust,  much  of  which  is  indeed  just,  for 
even  a  casual  scrutiny  of  the  claims  of  many  of  these  concerns  shows 
clearly  the  fictitious  character  of  the  statements. 


ILLUMINATION. 

With  few  exceptions,  illumination  for  tunnels  and  adits  in  the 
United  States  at  the  present  time  is  furnished  by  electricity,  acetylene 
gas,  or  candles.  The  smoky  open-flame  miners'  oil  lamp  is  occasion- 
ally used  in  tunnels  situated  in  the  coal-mining  districts,  and,  of 
course,  under  conditions  that  prohibit  the  use  of  an  open  flame, 
safety  lamps  must  be  employed.  When  acetylene  gas  is  employed  it 
is  usually  generated  in  portable  lamps,  but  during  the  work  on  the 
water  conduit  for  Washington,  D.  C,  in  1899,  this  gas  was  manu- 
factured at  a  plant  on  the  surface  and  carried  by  pipes  underground, 
where  it  was  burned  in  jets  at  regular  intervals.  Coal  gas  was 
similarly  employed  at  the  Mount  Cenis  Tunnel,  which  was  started 
in  1857  and  opened  for  traffic  in  1872.  The  following  table,  however, 
shows  the  present  practice  with  regard  to  means  of  illumination : 

Tabli:  1.3. — Meann  of  illumination  at  various  tunnels. 


Name  of  tunnel. 


Method  of  lUumination. 


Buffalo  (water) 

Carter 

Catskill  Aqueduct 

Central 

Fort  William  (water). 

Gold  Links...  

Ommiaon 

Joker  (draliiace) 

Laramie-Poaore 

Lausanne 

Los  Angeles  Aqueduct 

Lncania 

Marshall-Russell 

MisBioD 

Newhouse 

NIsqually 

Ophelia 

Rajrmond 

Rawley 

Roosevelt 

Slwatch 

Snake  C^eek 

Stflwell 

Strawberry 

Utah  Metals 

Yak 


Electric  lamps. 

Acetylene  lamps  and  candles. 

Electric  lamps  at  intervals  and  usually  a  cluster  of  lamps  in  the 

headings. 
Acetylene  lamps. 
Electric  lamps  (16  candlepower)  every  75  feet  and  one  S2-caBdto- 

power  in  heading. 
Candles. 

Electric  lamps,  cluster  in  heading,  and  candles. 
Electric  lamps. 

Acetylene  lamps  for  drillers,  candles  for  muckers. 
Miners'  oil  lamps  and  safety  lamps. 
Electric  lamps  and  candles. 
Acetylene  lamps. 

Electric  lamps  every  200  feet,  cluster  in  heading,  candles. 

Electric  lamps  at  stations;  acetylene  lamps  in  heading. 

Electric  lamps  every  75  feet;  cluster  in  heading. 

Candles. 

Electric  lamps  every  200  feet;  duster  in  heading. 

Acetylene  lamps. 

Electric  lamps. 

Electric  lamps  every  200  feet  and  candles. 

Acetylene  lamps. 

Electric  lamps  in  heading,  candles. 

Electric  lamps  every  135  feet;  cluster  in  heading. 

Electric  lamps  at  switch;  acetylene  lamps  in  heading. 

Electric  lamps. 
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Neither  candles  nor  the  open-flame  oil  lamp  can  be  recommended 
as  a  means  of  lighting  a  tunnel  or  adit  during  construction.  Practi- 
cally all  that  can  be  said  in  their  favor  is  that  they  require  a  much 
smaller  initial  outlay  than  electricity  or  acetylene,  yet  they  are  more 
expensive  per  unit  of  light  than  either  acetylene  or  electricity,  con- 
sume a  greater  amount  of  oxygen,  and  give  off  a  correspondingly 
greater  amount  of  noxious  gases.  Candles  not  only  do  not  give  enough 
light,  but  what  they  do  supply  is  flickering  and  imsteady  unless  there 
are  no  drafts,  and  as  they  are  quickly  extinguished  by  the  exhaust 
blasts  from  air  drills  they  can  not  be  placed  to  light  properly  the 
work  of  the  drillers;  hence  with  their  use  the  efficiency  of  a  high- 
priced  drillman  is  greatly  reduced.  Candles  are  often  wasted  or 
dropped  into  the  muck  pile,  an  item  of  loss  that  may  amount  to  a 
considerable  sum  in  the  long  run.  The  open-flame  oil  lamp  can  not 
be  prevented  from  giving  off  soot  and  smoke,  which  obscure  the  light 
thrown  on  the  work,  and  the  soot,  collecting  in  the  miner's  throat 
and  lungs,  irritates  the  mucous  membranes  and  renders  them  easily 
susceptible  to  disease. 

Electric  incandescent  lamps  possess  a  number  of  advantages  for 
tunnel  work.  They  give  a  brilliant  and  steady  light,  one  that  is  not 
affected  by  drafts  and  neither  pollutes  the  air  with  soot  nor  vitiates 
it  by  consuming  the  oxygen.  By  combining  several  of  them  in  a  clus- 
ter plenty  of  light  in  the  heading  is  obtained  for  the  drillers  and 
shovelers,  tending  toward  efficiency.  To  offset  this  advantage,  how- 
ever, the  fact  remains  that  unless  they  are  used  in  connection  with 
electric  locomotives,  drills,  or  similar  machinery,  the  cost  of  lamp 
installation  is  almost  prohibitive;  even  with  the  electric  appliances 
in  use,  the  extra  wiring  and  the  lamps  themselves  are  expensive,  the 
lamps  entailing  considerable  loss  through  breakage.  Electric  lights 
are  also  at  a  disadvantage  because  they  are  not  easily  portable,  and 
the  removal  and  replacement  of  bulbs  and  wires  in  the  heading  before 
and  after  blasting  complicate  an  already  involved  situation.  More- 
over, this  means  of  illumination  is  uncertain,  especially  in  wet  tunnels, 
because  the  chance  occurrence  of  a  short  circuit  through  moisture, 
accident,  or  carelessness  throws  the  entire  work  in  darkness,  and,  if 
other  means  of  lighting  are  not  at  hand,  stops  all  work  until  the 
trouble  can  be  remedied.  Again,  whereas  the  use  of  electricity  under- 
ground is  always  attended  with  some  danger,  this  is  especially  true 
in  the  case  of  lighting  appliances.  The  supposition  is  that  the  wires 
are  protected,  but  the  rough  usage  to  which  they  are  subjected  soon 
destroys  insulation,  rendering  persons  who  handle  them  (as  they  must 
do  frequently)  subject  to  severe  shock. 

One  is  tempted  to  say  that  the  ideal  means  of  tunnel  illumination 
is  found  in  the  portable  acetylene  lamp,  combining  as  it  does  the 
17164°— BuU.  67—14 0 
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advantages  of  other  illuminaiits  while  avoiding  most  of  their  defects. 
It  may  be  obtained  on  the  market  to-day  in  a  number  of  different 
designs  and  sizes  adapted  for  practically  every  kind  of  work ;  the  one 
most  generally  observed  at  the  tmmels  visited  was  about  the  size  of 
an  ordinary  fruit  can  and  capable  of  burning  for  8  to  10  hours  on  cme 
charge  of  carbide  and  water.  Although  too  large  for  use  on  a  cap,  it 
was  provided  with  a  hook  so  that  it  could  be  suspended  from  any 
convenient  place.  Liamps  suitable  for  wearing  on  a  miner's  cap  are 
obtainable  and  will  bum  for  two  or  three  hours  without  recharging — 
an  operation  easily  performed  in  two  or  three  minutes.  The  initial 
expense  of  an  acetylene  lamp  is  not  high  and,  with  the  possible  excep- 
tion of  the  electric  arc,  it  furnishes  the  brightest  known  artificial 
light  used  for  underground  work,  consuming  only  one-fifth  as  much 
oxygen  as  candles.  It  is  ordinarily  provided  with  a  reflector,  which 
not  only  concentrates  the  light  upon  the  work  where  it  is  needed, 
but  shields  the  flame  from  drafts  so  that  it  will  bum  steadily 
unless  placed  directly  in  front  of  the  exhaust  from  an  air  drill.  Ex- 
tensive use  by  some  of  the  larger  mining  companies  in  this  country- 
has  shown  that  the  cost  of  the  carbide  is  much  cheaper  than  either  oil 
or  candles,  the  use  of  acetylene  lamps  cutting  the  cost  of  light  practi- 
cally in  half.  At  the  Saginaw  mine,  Menominee  Range,  Mich.,  the 
cost  is  reported  as  only  2  cents  per  shift  of  10  hours.  Such  lamps 
require  practically  no  attention,  are  completely  portable,  and  are  not 
subject  to  breakage  as  are  incandescent  lamps.  By  giving  the  work- 
man plenty  of  light  his  efficiency  is  not  only  increased  but  he  is  better 
able  to  guard  against  the  dangers  of  underground  work,  such  as  an 
insecure  roof,  an  unexploded  stick  of  dynamite  in  the  muck  pile,  or 
any  other  of  the  many  dangers  to  which  he  is  at  all  times  exposed. 

TELEPHONES. 

Although  it  has  been  repeatedly  stated  in  newspapers,  engineering 
periodicals,  and  even  by  State  legislatures  that  every  mine  should  be 
provided  with  a  telephone  system,  the  importance  of  telephones  in 
tunnel  work  can  not  be  too  often  reiterated,  not  alone  because  of  the 
greater  safety  they  insure  but  on  the  ground  of  efficiency  and  economy 
as  well.  The  sources  of  accident  in  tunnel  work  are  too  numerous  to 
mention — falls  of  roof,  caves,  premature  or  delayed  explosions,  flood- 
ing, and  noxious  gases  being  some  of  the  more  common.  When  an 
accident  occurs  in  a  tunnel  that  is  equipped  with  a  telephone  system, 
not  only  can  assistance  be  summoned  quickly,  but  provision  can  be 
made  beforehand  for  the  care  of  injured  men  upon  reaching  the  sur- 
face; if  professional  help  can  be  summoned  and  due  preparation  made 
while  the  men  are  still  on  the  way  from  the  heading,  invaluable  time  is 
saved,  for  there  are  many  instances  where  prompt  medical  attention 
has  decided  the  question  of  life  or  death.    Then,  too,  failure  to  obtain 
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a  proper  round  of  holes  in  the  given  time,  difficulty  in  blasting  them 
to  the  full  depth)  or  any  of  the  many  problems  that  commonly  arise 
in  tunnel  driving  call  for  a  decision  on  the  part  of  the  foreman  as 
to  the  method  of  procedure.  Ordinarily  the  man  intrusted  with  this 
position  is  capable  of  meeting  such  conditions  as  they  arise,  but  it 
stands  to  reason  that  the  work  of  the  shift  will  be  more  efficient  if 
the  foreman  can  be  in  touch  constantly  with  the  superintendent  and 
when  in  doubt  receive  suggestions  and  advice  from  the  more  experi- 
enced man's  better  judgment.  Delay  can  be  avoided  in  good  part  if 
the  tunnel  is  equipped  with  a  telephone,  because  the  necessity  that 
involves  sending  for  fresh  materials,  tools,  powder,  eta,  can  either  be 
foreseen  and  provided  for  promptly  from  the  outside  without  the 
loss  of  a  man  from  the  heading  crew,  or  when  unexpected  emergencies 
arise  only  half  the  usual  time  is  necessary  to  obtain  the  needed  sup- 
plies. Causes  of  accident  and  delay  can  not  always  be  foreseen,  it  is 
true,  but  they  can  be  met  promptly  and  further  damage  to  men  and 
property  can  be  prevented  by  the  use  of  the  telephone;  that  these 
advantages  are  appreciated  is  shown  by  the  fact  that  most  of  the 
tunnels  and  adits  examined  in  the  field  were  equipped  with  tele- 
phones. 

The  type  of  telephone  equipment  should  be  carefully  chosen  be- 
cause every  telephone  is  not  suited  for  underground  use.  For  use  in 
tunnels  the  instrument  must  be  waterproof,  dustproof,  and  to  be 
useful,  it  must  be  placed  as  near  the  heading  as  possible ;  it  must  be 
designed  to  withstand  the  frequently  recurring  concussions  of  blast- 
ing. In  the  most  successful  types  of  mine  telephones  the  mechanism 
is  placed  in  a  heavy  metal  casing  in  such  a  way  that?  the  essential 
parts  are  instantly  accessible  upon  opening  the  outer  door,  but  are 
tightly  sealed  when  it  is  closed.  The  more  delicate  mechanism  is 
guarded  further  by  an  inner  door,  also  of  iron,  and  the  wires  are 
protected  so  that  water  can  not  enter  the  casing.  The  bells  must 
necessarily  be  placed  outside,  but  they  are  protected  by  a  metal  hood, 
which,  however,  does  not  prevent  their  being  heard  for  a  considerable 
distance. 

The  telephone  line  for  tunnel  work  is  somewhat  simpler  than  a 
similar  line  on  the  surface,  because  no  poles  are  required  and  the 
wires  can  be  strung  from  ordinary  glass  or  china  insulators  fastened 
to  plugs  in  the  roof  or  to  light  cross  timbers.  Ordinary  bare  iron 
wire  can  be  used,  but  much  better  results  are  obtainable  where  rub- 
ber-covered wire  is  employed ;  and  for  the  same  reason  a  full  metallic 
circuit  is  desirable,  although  the  telephone  may  be  operated  with  only 
one  wire  by  using  a  ground  connection  for  the  return.  But  as  the 
usefulness  of  a  telephone  sjrstem  is  measured  entirely  by  its  relia- 
bility, the  best  is  in  the  end  by  far  the  cheapest. 
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To  guard  against  noise  and  the  effects  of  concussion  the  telephone 
should  not  be  placed  nearer  tlie  heading  than  several  hundred  feet. 
Although  such  an  installation  is  convenient  for  anyone  in  the  tun- 
nel desiring  to  call  up  the  office,  it  makes  difficult  and  sometimes  even 
impossible  the  obtaining  of  any  response  to  a  call  originating  on  the 
surface.  To  obviate  this  difficulty,  the  use  of  an  extension  loud- 
ringing  call  bell  is  recommended,  which,  if  placed  behind  a  jutting 
rock  or  in  some  similar  protected  position,  apprises  the  foreman  at 
the  heading  instantly  of  any  call  at  the  telephone.  Such  a  bell 
should  be  connected  with  the  telephone  circuit  by  a  fleidble  insulated 
cable  mounted  upon  a  reel  in  such  a  way  that  the  bell  may  be  ad- 
vanced regularly  to  keep  pace  with  the  timnel  progress  and  need  be 
never  farther  than  200  feet  from  the  heading.  When  the  cable  is 
extended  to  full  length,  perhaps  1,000  feet,  the  telephone  should  be 
advanced  to  a  point  as  near  the  heading  as  practicable  and  the  extra 
cable  reeled  up  once  more. 

INCIDENTALS. 

Among  the  many  devices  used  to  save  time  and  promote  efficiency 
underground  are  the  hose  supporter  and  the  drill  rack,  both  of  which 
can  be  made  readily  by  any  timnel  blacksmith.  The  hose  supporter 
consists  merely  of  two  telescoping  pieces  of  iron  pipe,  the  length  of 
each  being  about  three- fourths  of  the  width  of  the  tunnel.  In  oper- 
ation the  hose  is  placed  over  the  pipes,  which  are  then  extended  until 
their  pointed  ends  fit  into  convenient  niches  on  either  side  of  the 
tunnel  near  the  roof;  the  pipes  are  clamped  into  position  firmly  by 
a  threaded  key  which  is  provided  for  this  purpose.  By  using  two 
or  three  of  these  spreaders  the  hoses  are  kept  dear  of  the  shoveler, 
who  is  thus  saved  no  little  trouble  and  annoyance  and  is  able  to  work 
to  better  advantage.  The  drill  rack  is  simply  a  rack  for  separating 
different  lengths  of  drill  steel.  A  satisfactory  form  consists  of  an  A 
frame  made  of  4  by  4  inch  timbers,  into  which  iron  pegs  are  driven 
at  convenient  intervals.  The  segregation  of  the  sharp  drill  steels  on 
this  rack  enables  the  helper  to  pick  out  the  proper  length  with  assur- 
ance and  dispatch. 
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The  following  discussion  of  methods  of  tunnel  construction  is 
restricted  chiefly  to  those  in  which  the  entire  cross  section  is  ex- 
cavated in  one  operation.    The  majority  of  tunnels  and  adits  driven 
for  mining  work  and  many  tunnels  intended  for  irrigation  and  water 
supply  are  small  enough  to  be  driven  in  this  manner;  but  in  the  con- 
struction of  the  larger  undertakings,  such  as  are  required  for  rail- 
road or  similar  purposes,  it  is  customary  to  drive  a  pilot  tunnel  or 
heading,  as  it  is  sometimes  called — ^although  the  term  is  also  em- 
ployed to  designate  the  advancing  end  of  any  tunnel — ^previous  to 
the  main  body  of  the  work  which  then  consists  in  enlarging  the 
smaller  excavation  to  full  size.    The  latter  method,  in  addition  to 
lowering  the  average  cost  of  the  entire  work,  because  the  process  of 
enlarging  is  much  easier  and  less  expensive  than  that  of  driving  the 
heading,  also  gives  a  valuable  preliminary  insight  into  the  condi- 
tions that  must  be  encountered  latet  by  the  main  tunnel,  and  enables 
the  constructor  to  anticipate  emergencies  and  make  provision  for 
them  in  his  plans,  thus  aiding  to  prevent  accidents  and  loss.    How- 
ever, as  this  bulletin  is  to  be  confined  chiefly  to  mine  adits  and  small 
tunnels,  a  discussion  of  the  various  phases  of  the  '^  heading-and- 
bench  "  system  can  not  be  treated  here  as  such,  although  the  methods 
used  in  excavating  in  one  operation  the  entire  section  of  a  small  tun- 
nel are  in  most  cases  applicable  to  the  driving  of  headings  for  larger 
tunnels.    Local  conditions  at  each  project  necessarily  modify  methods 
to  such  an  extent  that  it  is  impossible  to  make  a  general  analysis  to 
fit  all  cases,  but  the  discussion  following  is  intended  to  bring  out 
some  of  the  more  important  features  of  the  methods  employed  in  the 
various  operations  of  drilling,  blasting,  mucking,  and  timbering  as 
they  are  applied  to  the  driving  of  mine  adits  and  tunnels. 

The  methods  employed  in  the  operation  of  drilling,  aside  from  the 
mere  running  of  the  machine,  are  concerned  chiefly  with  the  number 
of  drilling  attacks,  the  mounting  of  the  drills,  and  the  number, 
depth,  and  direction  of  the  holes.  The  choice  of  ammunition,  includ- 
ing the  fuse  and  caps  as  well  as  the  explosive,  and  the  manner  of 
loading  and  firing  the  holes  are  the  main  factors  influencing  the 
efficacy  of  biasing.  Considerations  of  safety,  however,  demand 
that  suitable  provision  be  made  for  storing  the  explosive  and  thaw- 
ing it  as  needed  and  that  proper  precautions  be  observed  in  its  use. 
The  number  of  men  and  the  positions  in  which  they  work,  the  method 
of  lianHliTig  the  muck  cars  in  the  heading,  and  the  use  of  steel  plates 
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upon  which  to  shovel  are  the  salient  features  of  mucking,  whereas 
timbering  is  concerned  chiefly  with  the  materials  employed  and  the 
different  types  or  methods  of  using  thenu 

DBTLUNG. 
NUMBER  OF  SHIFTS. 

Relative  to  the  number  of  shifts  preferable  for  drilling,  one  of  the 
chief  advantages  claimed  for  the  single  shift  per  day  is  economy. 
By  having  the  debris  cleared  from  the  heading  by  the  shoveling  crew 
at  a  separate  time,  the  drillmen,  upon  reaching  the  face,  are  able  to 
start  immediately  to  work  setting  up  the  machines  and  preparing  to 
drill  the  round ;  there  is  therefore  no  waste  of  time  or  labor  on  the 
part  of  these  men  or  the  helpers  in  shoveling  out  d6bris  preparatory 
to  mounting  the  drills.  This  method  is  especially  economical  when 
vertical  columns  are  employed.  During  the  process  of  drilling,  the 
operators  and  their  helpers  are  not  interferiKi  with  or  hindered  in 
any  way  by  the  shoveling  crew,  and  there  is  therefore  a  saving  of  that 
loss  of  motion  that  can  hardly  be  prevented  when  two  crews  are 
working  simultaneously  in  the  heading.  Moreover,  as  there  is  no 
delay  in  getting  started,  the  round  of  holes  can  ordinarily  be  com- 
pleted within  the  allotted  time,  and  even  if  this  can  not  be  done 
plenty  of  extra  time  is  available  without  delaying  the  following  shift. 
The  drilling  and  mucking  shifts  can  be  distributed  so  that  there  is 
no  loss  of  time  and  wages  while  the  men  are  waiting  for  smoke  and 
gases  produced  in  blasting  to  be  removed  from  the  tunnel— of  car- 
dinal importance  where  the  provisions  for  ventilation  are  inadequate. 
These  considerations  go  to  support  the  contention  that  the  actual 
excavation  cost  per  foot  of  tunnel  is  lower  with  this  method  than 
with  other  systems. 

On  the  other  hand,  by  employing  a  single  drill  shift  the  daily 
progress  in  driving  the  tunnel  is  necessarily  limited  to  the  advance 
gained  from  the  one  attack,  and  therefore  the  completion  of  the 
work  must  inevitably  be  delayed.  Most  tunnels  are  practically 
worthless  until  completed.  If  their  construction  is  not  pushed  as 
rapidly  as  possible  not  only  is  the  capital  invested  in  the  equipment, 
tools,  eta,  tied  up  much  longer  than  necessary  and  the  cost  for  inter- 
est and  the  depreciation  charges  proportionally  increased,  but  there 
is  also  a  delay  in  the  realization  of  the  benefits  to  be  derived  from 
the  tunnel,  which  in  most  cases  is  more  than  sufficient  to  offset  any 
saving  in  excavation  cost.  For  example,  if  an  adit  is  being  driven 
to  drain  a  mine  the  extraction  of  additional  ore  below  water  level  is 
greatly  delayed ;  or  if  the  adit  is  intended  to  lower  the  cost  of  trans- 
porting the  ore  to  the  surface  the  loss  on  the  additional  tonnage  han- 
dled in  the  old  way,  owing  to  the  delay  in  its  completion,  should  be 
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chtiged  against  this  system  of  operation.  Similarly,  with  an  irri- 
gation tunnel,  the  entire  season's  crops  may  be  lost  from  the  longer 
time  required  to  complete  the  tunnel  if  it  is  excavated  by  the  one- 
shift  method.  Then,  again,  the  cost  for  administration  and  many 
other  of  the  fixed  charges  are  operative  during  the  period  of  con- 
struction, independent  of  the  number  of  shifts  per  day,  and  as  the 
daily  progress  increases  with  the  additional  attacks  per  day,  the  pro- 
portionate charge  against  each  foot  of  tunnel  driven  will  be  smallest 
when  the  greatest  number  of  shifts  are  employed.  Although  by  a 
saving  of  the  time  and  wages  of  workmen  there  is  a  seeming  economy 
in  the  cost  of  excavation  by  the  one-shift  method,  when  factors  that 
reach  deeper  are  considered,  in  most  cases  the  ultimate  cost  of  the 
tunnel  will  be  lowered  by  methods  that  make  for  speedier  com- 
pletion. 

Greater  progress  is  undoubtedly  attained  with  two  shifts  per  day 
than  with  one,  and  if  the  work  is  properly  .organized  there  need  be 
(mly  little  added  excavation  cost.  The  usual  custom  with  this  sys- 
tem is  to  have  the  shovelers  start  work  somewhat  in  advance  of  the 
drillers  and  to  work  at  first  in  removing  the  broken  rock  directly 
at  the  face,  so  that  the  drillers  may  set  up  their  machines  promptly. 
At  some  adits  and  tunnels  where  two  drill  shifts  were  used  the 
drilling  and  mucking  took  place  simultaneously,  the  drillers  them- 
selves attending  to  the  work  of  clearing  out  for  the  set-up.  Of 
these  two  methods  the  former  is  preferable,  not  only  because  it 
economizes  the  time  and  exertion  of  higher-priced  men  but  also 
because  the  length  of  time  when  both  crews  are  at  work  together  in 
the  heading — and  consequently  the  inevitable  amount  of  interference 
and  interruption — is  thereby  lessened.  At  a  few  places  three  crews 
of  shovelers  were  required  to  remove  the  rock  broken  by  two  drill- 
ing attacks.  This  system  is  obviously  expensive  because  the  cost  of 
the  extra  shovelers  must  be  charged  against  a  footage  only  slightly, 
if  at  all,  increased  by  their  efforts,  and  it  entails  for  two  of  the 
three  shifts  the  disadvantage  of  simultaneous  work  just  mentioned; 
it  is  therefore  not  desirable. 

The  consensus  of  usage  at  tunnels  and  adits  where  the  best  re- 
sults in  driving  have  been  achieved,  both  in  this  country  and  abroad, 
leads  to  the  conclusion  that  the  three-shift  system  of  attack  is  the 
most  desirable.  This  method  has  a  number  of  opponents  who  claim 
against  it  four  chief  disadvantages:  (1)  That  time  is  lost  on  the 
part  of  the  drillmen  in  getting  the  machines  set  up  and  in  operation ; 
(2)  that  the  greater  number  of  men  crowded  in  the  restricted  space 
of  the  heading  are  in  each  other's  way  and  therefore  unable  to  work 
to  the  best  advantage ;  (3)  that  the  men  must  be  paid  for  time  wasted 
in  waiting  for  the  smoke  and  gases  produced  in  blasting  to  be  cleared 
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from  the  heading;  (4)  that  the  system  makes  no  provision  for  de- 
lays due. to  adverse  conditions.  As  is  pointed  out  subsequently,  the 
time  consumed  in  setting  up  the  machines  can  be  made  negligible 
by  the  use  of  suitable  methods  of  mounting  and  by  properly  direct- 
ing and  blasting  the  round  of  holes.  Some  crowding  is,  of  course, 
unavoidable,  but  it  is  more  than  offset  by  the  gain  in  efficiency  re- 
sulting from  the  various  incentives  that  can  result  only  from  the 
three-shift  method.  To  begin  with,  the  shovelers  have  constantly 
before  them  the  necessity  of  removing  the  waste  rock  before  the 
drillers  have  finished  their  work  and  are  therefore  unconsciously 
speeded  up  by  the  competition.  At  the  same  time  the  drill  men 
endeavor  to  have  their  holes  finished  by  the  time  the  tunnel  is  cleared 
in  order  that  no  delay  may  be  attributed  directly  to  them.  Both 
crews  are  inspired  to  better  work  by  the  knowledge  that  a  com- 
peting shift  is  to  follow  immediately  upon  their  heels,  taking  their 
places  and  performing  similar  work.  Then,  too,  after  the  holes  have 
been  drilled  the  extra  men  from  the  shoveling  crew  are  of  great  as- 
sistance in  taking  down  the  machines  and  removing  them  and  their 
mountings,  hose  tools,  and  other  articles  that  must  be  taken  to  a 
place  of  safety  during  blasting.  As  to  the  time  wasted  in  clearing 
the  tunnel  of  smoke,  if  the  tunnel  is  adequately  equipped  with  venti- 
lating apparatus  this  operation  should  require  little  more  than  15 
minutes — ^just  long  enough  for  the  men  to  eat  their  lunches — ^time 
that  would  have  to  be  lost  at  any  rate.  Delays,  of  course,  can  not 
always  be  prevented,  but  the  men  are  encouraged  by  rivalry  to 
reduce  these  to  the  minimum,  knowing  that  their  work  is  to  be  com- 
pared with  that  of  the  shift  to  follow.  These  answers  to  the  various 
objections  are  in  no  sense  theories,  but  are  deductions  from  actual 
observation  and  a  study  of  conditions  as  they  existed  at  tunnels  where 
some  of  the  most  efficient  work  in  this  country  was  being  performed. 
The  ideal  results  of  the  three-shift  method,  to  be  sure,  are  obtained 
only  through  perfected  organization  and  good  management,  but  they 
utterly  disprove  the  contention  that  efficient  work  is  not  possible 
under  those  conditions.  That  the  method  may  produce  the  most 
rapid  progress  has  never  been  gainsaid,  and  with  proper  handling 
the  actual  cost  of  excavation  per  tunnel- foot  need  be  little,  if  any, 
greater  than  with  other  methods;  moreover,  as  has  been  shown,  in 
most  cases  the  system  affording  greater  speed  is  within  limits  ulti- 
mately the  more  economical  one.  For  these  reasons,  unless  the  con- 
ditions are  indeed  exceptional,  the  employment  of  three  drilling 
shifts  per  day  is  reconmiended,  and  the  following  discussion  of  other 
phases  of  tunneling  methods  will,  unless  otherwise  noted,  be  predi- 
cated upon  the  assumption  that  three  drilling  shifts  are  being 
employed. 
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METHODS  OF  MOUNTING  DRILXfl. 

American  tunnel  practice  is  almost  equally  divided  between  the 
horizontal-bar  and  the  vertical-column  methods  of  drill  mounting. 
The  horizontal-bar  mounting  consists  essentially  of  an  iron  pipe, 
4  to  6  inches  in  diameter,  a  little  shorter  than  the  average  width  of 
the  heading,  and  provided  with  a  solid  head  at  one  end  and  a  jack- 
screw  with  a  capstan  head  at  the  other.  The  verticaVcolumn  mount- 
ing, which  is  rarely  employed  with  more  than  two  drilling  attacks 
per  day,  is  not  greatly  dissimilar  except  that  it  is  usually  provided 
with  a  yoke  and  two  jackscrews  at  one  end,  and  its  length  is  some- 
what less  than  the  height  rather  than  the  width  of  the  heading.  In 
several  notable  European  timnels  a  drill  -carriage  was  employed, 
however,  so  that  a  discussion  of  this  method  of  drill  mounting  should 
not  be  omitted. 

The  horizonal-crossbar  method  of  mounting  rock  drills  can  per- 
haps be  best  illustrated  by  a  description  of  the  procedure  used  at 
the  Laramie-Poudre  Tunnel.  As  soon  after  the  blasting  as  ventila- 
tion permitted  (ordinarily  10  to  15  minutes),  the  workmen  returned 
to  the  face  from  a  position  of  safety  1,500  to  2,000  feet  away,  bring- 
ing with  them  an  ordinary  tunnel  car  containing  the  crossbar,  drill- 
ing machines,  tools,  hose,  etc.  The  three  drillers,  sometimes  with 
the  assistance  of  the  foreman,  first  removed  from  the  roof  or  walls 
loose  rocks  that  might  have  fallen  later,  possibly  causing  injury. 
This  accomplished,  they  next  cleared  a  space  in  the  top  of  the  rock 
pile,  for  2  or  3  feet  back  from  the  face  of  the  tunnel  and  perhaps 
4  or  5  feet  from  the  roof,  in  order  that  they  might  have  room  to 
work  when  drilling.  Because  of  methods  of  blasting  especially  em- 
ployed for  this  purpose  the  rock  pile  usually  occupied  only  a  small 
part  of  this  space,  so  that  ordinarily  little  work  was  required  to 
clear  it  out.  In  the  meantime  the  helpers  were  expected  to  unload 
the  bar  and  machines  from  the  car,  placing  them  on  the  rock  pile 
conveniently  at  hand,  and  connect  the  hose  to  the  air  and  water 
mains.  As  soon  as  a  proper  space  was  cleared  out  the  bar  was 
picked  up  by  the  drillers  and  helpers  and  held  in  position  trans- 
versely across  the  timnel  at  a  measured  distance  from  the  face  and 
roof,  as  directed  by  the  foreman,  where  it  was  blocked,  wedged,  and 
finally  screwed  as  tightly  as  possible  in  place.  The  drillmen  then 
placed  the  machines  upon  the  bar  and  started  drilling  as  soon  as 
the  helpers  completed  connecting  the  hose  to  the  drills.  The  neces- 
sary holes  having  been  drilled  from  this  position  of  the  bar  and  the 
waste  rock  having  been  removed  in  the  meantime  by  the  shovelers 
(an  operation  carried  vOn  simultaneously  with  drilling  and  ordi- 
narily accomplished  before  the  drillers  had  finished),  the  machines 
were  taken  off,  the  bar  lowered  and  set  up  again  about  18  to  24 
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inches  from  the  floor,  the  drills  replaced,  and  one  or  two  holes  drilled 
by  each  machine  from  this  position  of  the  bar.  The  machines  and 
the  bar  were  then  placed  in  a  tunnel  car  and  removed  from  the  head- 
ing during  the  blasting.  This  method,  sometimes  slightly  modified, 
was  used  at  several  other  tunnels  and  adits  with  almost  equally 
good  results. 

The  procedure  with  the  vertical-column  method  of  mounting  is 
similar  to  this  m  some  respects,  but  there  are  also  some  important 
distinctions  aside  from  that  of  upright  position.  Owing  to  the  vibra- 
tion produced  by  the  drills,  neither  method  of  mounting  will  give 
satisfaction  unless  the  bar  is  firmly  jacked  against  solid  rock.  The 
vibration  is  intensified  and  the  need  for  a  substantial  foundation  is 
much  greater  with  the  vertical  column,  because  the  drills  are  usually 
mounted  on  cross  arms  projecting  from  the  columns  at  right  angles, 
thus  affording  a  leverage  for  any  movement  of  the  drill.  It  is  there- 
fore necessary  to  remove  all  of  the  waste  rock  from  the  space  imme- 
diately in  front  of  the  face  of  the  tunnel  prior  to  drilling,  in  order 
that  the  foot  of  the  column  may  rest  upon  the  solid  floor,  which,  at 
the  two  or  three  tunnels  where  this  method  was  employed  with  the 
three-shift  system,  caused  considerable  delay  even  under  normal  con- 
ditions. But  in  the  majority  of  places  where  this  method  of  mount- 
ing was  employed  not  more  than  two  drilling  attacks  were  attempted 
per  day,  and  the  extra  work  of  clearing  away  was  performed  by  the 
crew  of  shovelers  before  the  drillers  started  work. 

The  best  results  with  the  carriage  mounting  for  drills  were  obtained 
during  the  construction  of  the  Loetschberg  Tunnel  through  the 
Bernese  Alps.  In  the  first  type  of  carriage  employed  there,  the 
horizontal  bar  carrying  the  drills  was  mounted  at  the  end  of  a  steel 
beam  which  was  pivoted  to  a  truck  and  counterbalanced  at  the  other 
end  by  a  heavy  weight  Before  this  carriage  could  be  brought  suffi- 
ciently near  to  the  face,  even  with  the  long  beam,  for  the  crossbar  to 
be  jacked  in  position,  it  was  necessary  to  clear  a  rather  large  pas- 
sageway through  the  center  of  the  rock  pile  down  to  the  floor.  In 
doing  this,  part  of  the  material  was  carried  away  and  the  remainder 
piled  on  either  side  of  the  tunnel  to  be  carried  away  during  drilling. 
When  the  passage  was  finished,  however,  the  carriage  with  the  cross- 
bar and  drills  mounted  upon  it  and  extending  longitudinally  was 
quickly  rolled  to  the  face,  the  bar  swung  around  and  jacked  into 
position,  and  the  drills  were  at  once  started  to  work. 

This  carriage  was  superseded  by  one  in  which  the  counterbalanced 
beam  was  abolished  and  the  drill  bar  carried  directly  upon  a  short 
post  mounted  on  the  truck.  With  this  device  practically  all  of  the 
broken  rock  had  to  be  removed  from  the  heading  before  the  carriage 
was  brought  to  the  face,  after  which,  however,  the  drills  started  at 
work  promptly. 
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One  of  the  most  important  factors  to  be  considered  in  choosing  a 
method  of  mounting  for  tunnel  work  is  the  time  required  to  get  the 
drills  in  operation  after  blasting,  including  not  only  the  actual  time 
employed  in  setting  up  the  necessary  apparatus,  but  also  the  time 
consumed  in  the  preparatory  work  of  clearing  away  d6bris.  The 
time  spent  in  waiting  for  the  smoke  to  clear  is,  of  course,  independent 
of  the  method  of  mounting  and  can  therefore  be  ignored  in  this 
connection.  With  the  horizontal-bar  system  used  at  the  Laramie- 
Poudre  Tunnel,  the  time  normally  employed  in  mucking  back  was 
rarely  more  than  15  to  20  minutes.  Jacking  the  bar  in  place  occu- 
pied 5  to  10  minutes  and  attaching  the  drills  and  making  the  water 
and  air  connections  usually  required  10  to  15  minutes.  The  entire 
operation  thus  consumed,  under  ordinary  conditions,  30  to  45  minutes, 
but  it  was  not  at  all  unusual  for  the  drills  to  be  in  operation  within  20 
or  25  minutes  from  the  time  the  drillmen  reached  the  heading.  At 
other  tunnels  and  adits  using  this  system  the  time  required  for  simi- 
lar work  was  reported  as  30  to  60  minutes.  Owing  to  the  much 
greater  quantity  of  material  to  be  cleared  out  when  the  vertical- 
column  method  is  employed,  the  time  consumed  in  getting  the  drills 
in  position  to  start  work  at  adits  and  tunnels  where  the  three-shift 
system  was  used  ordinarily  ranged  from  2|  to  4  hours,  and  even 
under  the  most  favorable  circumstances  was  rarely  less  than  2  hours. 

The  time  spent  in  the  Loetschberg  Tunnel  in  removing  the  waste 
rock  was  approximately  1^  hours  with  the  first  type  of  carriage 
used  and  1^  to  3  hours  with  the  later  model,  but  in  order  to  attain 
such  speed  nearly  twice  as  many  men  were  employed  at  the  work 
as  are  usually  found  in  American  tunnel  headings.  After  the  Loetsch- 
berg Tunnel  had  been  cleared  of  the  necessary  amount  of  debris, 
however,  the  machines  could  ordinarily  be  started  in  5  to  10  minutes. 

Aside  from  the  question  of  the  time  consumed  in  clearing,  the 
amount  of  waste  to  be  removed  has  another  bearing  on  the  problem 
of  choosing  a  mounting.  In  order  that  there  may  be  no  delay  in 
getting  the  drills  at  work,  usually  the  attempt  is  not  made  to  remove 
the  waste  rock  entirely  from  the  heading  before  setting  up  the  mount- 
ings, much  of  it  being  merely  shoveled  to  one  side  and  removed  later. 
This  preliminary  work  is  often  performed  by  the  drillmen,  especially 
with  the-three-shift  system;  and  where  (as  in  the  case  of  the  vertical- 
column  method)  there  is  a  great  deal  of  it  to  be  done,  by  the  time 
they  have  the  machines  set  up  and  are  ready  to  start  drilling  these 
mra  are  pretty  well  tired  out  and  consequently  can  not  work  as  rapidly 
and  efSciMitly  in  drilling  the  required  holes.  Even  if  the  work  is 
performed  by  the  regular  shoveling  crew,  the  men  certainly  are  not 
stimulated  by  the  knowledge  that  they  are  performing  dead  work, 
and  that  every  shovelful  handled  in  clearing  back  must  be  moved 
again  later.     This  disadvantage  obtains  not  only  in  the  three-shift 
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system  but  in  many  cases  where  two  shifts  are  employed  and  the 
shoveling  crew  start  ahead  of  the  drillmen  and  commence  work 
clearing  away  the  face  for  a  vertical-column  set-up.  The  horizontal - 
bar  and,  to  a  lesser  degree,  the  drill-carriage  methods  have  the  ad- 
vantage of  requiring  a  much  smaller  proportion  of  duplicated  work. 

The  adaptability  of  the  mounting  for  the  work  required  of  it  after 
the  drills  are  in  operation  is  another  factor  to  be  reckoned  with.  The 
advocates  of  the  vertical-column  method  claim  that  it  enables  the 
holes  to  be  placed  to  better  advantage,  and  this  is  quite  truly  the  case 
when  piston  drills  are  employed.  But  hammer  drills  mounted  on  a 
horizontal  bar  can  place  the  holes  just  as  effectively,  if  not  more  so. 
With  either  type  of  machine  the  drill  carriage  is  badly  handicapped. 
It  was  discovered  with  those  used  in  the  Loetschberg  Tunnel — and 
the  same  disadvantage  was  experienced  at  an  adit  in  this  country 
where  a  similar  drill  carriage  was  tried  and  soon  abandoned — ^that 
it  was  impossible  to  point  the  inclined  holes  in  such  a  way  as  to  obtain 
the  maximum  efficiency  from  the  explosive  used.  Therefore,  in  order 
to  make  the  holes  break  to  the  bottom  it  was  necessary  to  use  heavier 
charges  of  explosive,  and  the  holes  were  not  drilled  as  deeply  as  they 
might  otherwise  have  been.  The  shallower  holes  necessitated  greater 
labor  in  the  unproductive  preparatory  work  of  setting  up  and  tearing 
down  the  drills  and  increased  the  opportunities  for  delays  in  blasting. 
Then,  too,  it  is  impossible  with  one  set-up  of  a  horizontal  bar,  such  as 
was  used  in  the  carriage  method  of  mounting,  to  make  the  holes  near 
the  bottom  of  the  tunnel  sufficiently  horizontal  to  insure  an  even  floor, 
necessitating  trimming,  and  causing  trouble  in  maintaining  the 
proper  tunnel  grade. 

The  fact  must  not  be  overlooked,  however,  that  with  the  carriage 
method  the  drills  are  subject  to  less  wear  and  tear  because  they  are 
kept  on  the  bar  continually  and  are  not  thrown  around  on  the  floor 
and  muck  pile.  "When  this  is  permitted  the  drills  are  apt  to  become 
filled  with  sand,  grit,  etc.,  which,  because  of  friction  and  abrasion, 
increases  the  cost  of  repairs.  Nor  should  the  facility  in  changing  to  a 
new  hole  possessed  by  the  horizontal  bar  and  the  drill  carriage  be  dis- 
regarded. When  these  methods  of  mounting  are  employed,  all  that 
is  necessary  in  starting  a  new  hole  is  to  slide  the  drill  along  the  bar 
and  clamp  it  in  place,  but  with  the  vertical  column  not  only  the 
machine  but  the  cross  bar  as  well  requires  adjusting;  as  the  adjust- 
ment is  vertical  instead  of  horizontal,  the  entire  weight  of  both  drill 
and  cross  arm  must  be  lifted  or  sustained  at  nearly  every  change. 

Taking  into  consideration  all  of  the  factors  mentioned,  the  hori- 
zontal bar  proves  to  be  the  method  of  mounting  drills  best  adapted 
for  tunnel  work.  Its  use  enables  the  drills  to  be  put  in  operation 
with  the  least  loss  of  time  and  by  the  smallest  number  of  men.    It 
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requires  the  rehandling  of  the  minimum  quantity  of  waste  rock  so 
that  the  drill  men  are  not  fatigued  before  they  start  drilling  or  the 
shovelers  disheartened  by  dead  work.  It  permits  directing  the  holes 
in  such  a  way  that  the  maximum  strength  of  the  explosive  is  utilized, 
drilling  deeply  so  that  too  great  a  part  of  the  time  need  not  be  spent 
in  preparatory  work,  and  placing  the  holes  to  insure  the  breaking  of 
the  roof  and  floor  smoothly  and  at  the  desired  grade.  It  is  especially 
adapted  for  use  with  the  more  rapidly  drilling  hammer  machines 
and  lends  itself  readily  to  removal  when  necessary.  In  common  with 
the  vertical  type  it  is  subject  to  the  danger  of  allowing  grit  to  be- 
come lodged  in  the  machines,  but  this  can  be  partly  prevented  by 
care  in  handling. 

PROPER  NUMBER  OF  HOLES. 

Any  determination  of  the  proper  number  of  holes  to  be  used  in 
driving  a  tunnel  or  adit  of  a  given  size  is  dependent  upon  several 
factors.  A  large  number  of  holes  in  which  a  large  charge  of  ex- 
plosive may  be  placed  expedite  the  operations  of  driving,  because 
the  heavier  blast  tends  to  hurl  the  rock  farther  away  from  the  face, 
not  only  saving  time  in  setting  up  the  machines  but  also  giving  the 
shovelers  more  room  and  enabling  them  to  work  to  better  advantage 
on  more  widely  scattered  material.  But  at  the  same  time,  holes  that 
are  not  strictly  a  necessity  entail  an  extra  expense  not  only  for  the 
explosive  used  in  them,  but  also  for  the  time  required  in  drilling, 
especially  if  the  drilling  work  requires  more  time  than  the  operation 
of  removing  the  rock,  as  any  extra  holes  delay  both  crews.  If  the 
proper  number  of  holes  is  being  used,  the  major  part  of  the  rock 
should  be  broken  into  fragments  small  enough  to  be  shoveled  readily, 
although  an  occasional  bowlder,  because  of  the  relaxation  it  affords 
the  workman  from  the  steady  grind  of  shoveling  is  said  to  expedite 
rather  than  retard  the  speed  with  which  the  spoil  can  be  loaded  into 
the  timnel  cars. 

The  central  factor,  however,  in  a  just  determination  of  this  ques- 
tion is  undoubtedly  the  physical  character  of  the  rock  being  pene- 
trated, which  is  never  twice  alike  in  different  localities,  preliminary 
experimentation  being  usually  necessary  in  order  to  discover  what 
number  of  holes  will  produce  the  best  results.  Generally  speaking, 
igneous  rocks  require  more  holes  than  sedimentary  rocks,  but  there 
are  wide  divergences  in  both  classes.  The  holes  must  be  more 
closely  spacfied  for  a  tough  rock  that  is  close  grained  and  massive  than 
for  one  that  is  brittle  and  easily  shattered,  even  though  it  may  be 
harder  and  more  difficult  to  drill.  Bedding  or  joint  planes  or  joint 
cracks  are  of  great  assistance,  and  a  rock  in  which  they  occur  will  be 
more  easily  broken  and  hence  require  fewer  holes.    The  following 
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table  shows  the  number  of  drill  holes  used  in  American  tunnels  pene- 
trating different  classes  of  rock : 

Table  14. — Number  of  holes  used  in  driving  tunnel  headinos  in  various  Ameri- 
can tunnels. 


Name  of  tunnel. 


Number 
of 


Charaoter  of  rook  penetrated. 


Approxi- 
mate 
area  of 

heading. 


Square  feet  of  bead- 
ing per  hole. 


Sedi- 

mentary 

rocks. 


Igneous 
roeka. 


Burleigh 

Buffalo  (water) 

Carter 

Catsklll  Aqueduct: 
Rondoat  Siphon... 

WailklUSi^on.... 
Moodna  Siphon  — 
Yonkers  Siphon — 

Central 

Chipeta 

Fort  WlUlam  (water) . «. 

Oohl  links .1 

Grand  (Central  sewer 

Ounnlson.... 

Joker 

Laramie-Pondre 

Lausanne 

Loe  Angeles  Aqueduct: 

EUsabethLake 

Little  Lake  division 
Grape  Vine  division 

Loeania 

MarshaU-RusseU 

Mission 

Newhouse 

Nisqually 

Northwest  (water) 

Ophelia 

Bawley 

Raymond 

Roosevelt 

Siwatch 

Snake  Creek 

Spiral 

Sttlwell 

Strawbeny 

Utah  Metals 

Yak 


16 

22 

10-U 


22 

24 

24 

21 

18-24 

15-10 

14-20 

12 

18 

24 

19-21 

21-26 

15-21 


25 

14-16 

20-21 

25 

18-20 

12-14 

19 

18 

22 

20-24 

25-27 

14 

24-26 

12 

16 

21 

16 

16-18 

12-16 
18 


G  rani  te  and  gneiss , 

Limestone 

Gneiss,  granite,  and  i>or- 
phyry. 

Limestone,  sandstone,  and 
shale. 

Shale 

Sandstone  and  shale 

Gneiss , 

....do 


Basalt 

Gneiss  and  granite. 

Gneiss 

Altered  granite 


Sfvarefeel. 
42 
120 
41 


120 

120 
120 
120 
S5 
57 
35 
48 
40 
60 


Close-giahiied  granite , 

Shale,   oonglomerate,   and 
coal. 


Granite 

Medium  hard  granite. 

Hard  granite 

....doT 

Granite  and  gneiss 

Shale  and  slate 

Gneiss 

Rhvolite 

Seoimeniary  rock 

Granite 

Andeslte 

Gneiss  and  granite. . . . 

Hard  granite 

Granite 

Diabase. 


Conglomerate  and  andeslte. . 
Limestcne,  sandstone,  and 

shale. 

Quartxite 

Limestone,  sandstone,  shale, 

and  granite. 


145 
90 
90 
65 
72 
37 
65 
95 

110 
80 
55 
80 
60 
45 
65 

175 
50 
50 

80 
50 


&6 


5.5 


6.0 
5.0 


6.2-6.0 


4.(W.6 


2.6-^.1 


5.0 


8.4 

8.1 

2.^^.1 

6.0-«.6 
2.8 


2.6 


3.7-4.1 


5.7 

L5-L9 

3.(^3.8 

L7-2.5 

4.0 

2.2 

2.5 


a.  7-3. 3 


5.8 
5.6-6.4 
4.3-4.5 

2.6 
3.6-4.0 


3.4 

5.2 

2.0-2.2 

5,7 

Z3-3.5 

3.7 
4.0 


DIRECTION  or  HOLES. 

Chiefly  because  of  the  great  influence  of  local  conditions,  the  ar- 
rangement of  drill  holes  is  rarely  identical  in  driving  at  any  two 
tunnels.  For  reasons  to  be  explained  later,  however,  it  is  customary 
to  drill  a  part  of  the  holes  (called  the  "  cut"  or  "  cut  holes  ")  in  such 
a  manner  that  when  blasted  they  will  remove  a  core  of  rock  from 
the  face  and  thus  decrease  the  work  to  be  done  by  the  remaining 
holes.  Practically  all  of  the  various  means  of  arranging  drill  holes 
in  the  headings  of  American  tunnels  may  be  summarized  as  follows 
into  three  main  types  according  to  the  kind  of  cut  employed. 
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The  wedge  or  V  cut  is  the  one  most  commonly  employed  in  tunnels 
in  this  country.  It  con- 
sists essentially  of  sev- 
eral pairs  of  holes  drilled 
from  opposite  sides  of 
the  heading  in  such  a 
manner  that  when  prop- 
erly charged  and  ex- 
ploded they  will  break 
out  a  wedge-shaped  core 
of  rock,  usually  extend- 
ing from  the  roof  to  the 

floor       of      the      tunnel.  figure  23.-Wedgi^cut  round  of  holes. 

Figure  23  shows  a  typical  wedge-cut  round  similar  to  the  one  em- 
ployed in  driving  the 
Buffalo  Water  Tun- 
nel. Holes  1  to  8  com- 
prise the  cut  and  were 
blasted  simultaneously 
by  electricity,  whereas 
9  to  14  are  the  side 
holes,  and  were  next 
fired  together,  and  16 
to  18  are  the  back  or 

FiGUEB  24.-Modlfled  wedgeKJut  round  for  arched  heading.  ^^  j^^j^  ^^^^  ^^^^  ex- 
ploded last.  Such  a  round  must  necessarily  be  changed  somewhat  if 
the  heading  is  arched  or 
semicircular.  Figure  24 
illustrates  such  a  round, 
similar  to  those  used  in 
driving  the  heading  of 
the  large  siphons  on  the 
Catskill  Aqueduct.  In 
this  case  holes  1  to  6, 
comprising  the  cut,  were 
blasted  together,  fol- 
lowed by  holes  7  to  12, 
which  are  called  re- 
lievers, and  finally  by  13 
to  22,  which  are  called 
trimming  holes. 

Either    vertical    col- 
umns, as  used  in  the  cuts 
just  cited,  or  a  horizontal  bar  may  be  used  to  mount  the  machines 
when  drilling  this  type  of  round;  but  if  the  majority  of  the  holes  are 


PiouRB  26. — Wedge-cut  round  drilled  from  a  hori- 
zontal bar  mounting. 
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to  be  drilled  from  one  position  of  a  horizontal  bar,  the  position  of  the 
holes  must  necessarily  be  somewhat  modified,  although  the  general 
arrangement  still  remains  a  wedge-cut  round.  Figure  25  shows  such 
an  arrangement  similar  to  the  one  employed  at  the  Laramie-Poudre 
Tunnel.  Holes  1  and  2  were  called  "  short-cut  holes,"  3  to  6  "  long 
cuts,"  7, 8,  9, 10, 19,  and  20  relievers,  11  to  14  sides,  15  to  18  backs,  and 
21  to  23  lifters,  the  numbering  indicating  the  order  of  blasting.  The 
lifters  and  two  relievers  (holes  19  and  20),  which  were  used  only  in 
harJ  ground,  were  the  only  holes  drilled  from  the  lower  position  of 
the  bar.  Three  machines  were  employed  in  drilling  this  round.  The 
holes  drilled  by  each  and  the  order  of  drilling,  the  machines  being 
lettered  A,  B,  and  C  from  left  to  right  when  facing  the  heading,  are 
shown  in  the  following: 

Order  of  drilling  far  each  machine  at  Laramie-Poudre  Tunnel. 
BAR  IN  UPPER  POSITION. 


Machine 
A. 

Number 
ofdrUl 
hole. 

Machine 
B. 

Number 
of  drill 
hole. 

Machine 
C. 

Number 
ordriU 
hole. 

1 
2 
8 
4 
5 
6 

17 

n 

5 
13 
7 

1 

; 

10 
10 
15 

t 

18 
13 
6 
14 
8 
3 

i  '    ' 

BAR  IN  LOWER  POSITION. 

7 
8 

19 
22 

1 

7 
8 

20 
23 

6  1             21 

A  somewhat  similar  round  was  used  with  a  horizontal  bar  at  the 
Rawley  Tunnel,  and  there  are,  of  course,  many  other  variations  of  the 

V-cut  arrangement  of  holes,  but  the 
figures  given  illustrate  the  principles 
underlying  the  more  common  arrange- 
ments employed  in  tunnels  and  adits 
in  this  country. 

The  second  general  type  of  cut  fre- 
quently employed  may  be  designated 
as  the  pyramid  cut,  consisting  usually 
of  four  cut  holes  drilled  in  such  a  man- 
ner that  they  meet,  nor  nearly  meet, 
at  or  near  a  common  point — ^gen- 
erally near  the  axis  of  the  tunnel — 
and  when  properly  blasted  remove  a 
somewhat  pyramidal  core.  Figure  26 
shows  a  round  of  this  type  similar  to  the  one  employed  at  the  Yak 
Tunnel  in  which  the  cut  holes.  No.  1,  were  blasted  simultaneously, 


FiouEB  26. — Pyramid-cut  round  of 
holes. 
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FiQCRB  27. — Pyramid-cut  round   for  use  with  horl- 
lontal-bar  mounting. 


followed  by  the  remaining  holes  in  the  order  indicated.    In  most  of 
the  instances  observed  by  the  authors  the  pyramid  cut  has  been  em- 
ployed with  vertical  columns,  but  it  can  be  drilled  just  as  efficiently 
with  the  horizontal  bar 
by  drilling  two  or  pos- 
sibly  three    holes    with 
each  machine  in  the  lower 
set-up.    Figure  27  shows 
such  a  round. 

The  third  type  is  the 
bottom  or  draw  cut  which 
was  employed  at  several 
places  visited,  the  one  at 
the  Carter  Tunnel,  illus- 
trated in  figure  28  being 
typical.  The  holes  were 
blasted  in  the  order  indi- 
cated, Nos.  1  to  8  com- 
prising the  cut. 

It  can  easily  be  proved 
theoretically  that  if  a  bore  hole  is  drilled  in  a  homogeneous  mass  of 
rock  the  maximum  efficiency  can  be  obtained  from  a  suitable  charge 
of  explosive  placed  in  it  when  the  line  of  least  resistance  (by  which 

is  meant  the  shortest  distance 
from  the  charge  to  a  free  surface 
of  the  rock)  is  at  right  angles  to 
the  axis  of  the  bore  hole;  and  that 
the  minimum  efficiency  will  be  ob- 
tained when  the  two  are  coinci- 
dent. Practically,  also,  although 
a  homogeneous  rock  is  a  rarity, 
and  hence  the  actual  results  will 
be  influenced  quantitatively  some- 
what by  the  various  features  of 
rock  texture,  such  as  joints,  cracks, 
fault  fissures,  and  bedding  planes, 
the  results  have  been  found  to 
agree  in  the  main  with  the  theo- 
retical deductions.  Obviously, 
therefore,  in  the  heading  of  a  tun- 
nel or  adit,  where  only  one  free 
face  can  be  obtained,  it  is  impos- 
sible to  drill  and  blast  a  single  hole  in  such  a  manner  that  the  maxi- 
mum efficiency  can  be  obtained  from  it.  But  by  drilling  a  number  of 
holes  arranged  according  to  any  of  the  preceding  systems,  and  blast- 
171W— Bull.  57—14 ^10  ^  , 
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FiouBS  28. — Bottom-cut  round  of  holes. 
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ing  the  cut  first  so  as  to  create  more  free  surface  much  better  results 
can  be  obtained  from  the  holes  that  remain.  It  is  for  this  reason  that 
the  position  and  direction  of  the  holes  comprising  the  cut  are  gen- 
erally considered  the  most  important  feature  of  the  work,  the  spacing 
of  the  remaining  holes  being  admittedly  merely  a  matter  of  having 
them  sufficiently  close  together  to  break  the  rock  into  fragments  of 
the  required  size  for  easy  handling. 

When  the  wedge  or  V  cut  is  employed,  the  several  pairs  of  holes 
should  be  placed  close  enough  together  for  them  to  be  of  some  mutual 
assistance,  especially  if  the  entire  cut  is  exploded  simultaneously. 
What  this  distance  shall  be  is  controlled  almost  entirely  (as  in  the 
determination  of  the  proper  number  of  holes)  by  the  character  of 
the  rock,  its  texture,  toughness,  the  presence  of  cracks  and  bedding 
planes,  etc.  The  separating  distance  is  often  determined  by  the  fore- 
man in  charge,  and  if  he  is  a  man  of  wide  experience,  satisfactory 
results  may  follow ;  but  the  general  efficiency  of  the  work  will  often 
be  increased  greatly  if  experiments  are  made  at  the  outset  to  deter- 
mine just  what  combination  will  give  the  best  results  for  the  par- 
ticular rock  being  encountered.  It  follows,  of  course,  that  such  ex- 
periments should  be  repeated  whenever  a  marked  change  in  the 
nature  of  the  rock  is  observed. 

In  order  that  the  line  of  least  resistance  may  approximate  as 
closely  as  possible  the  perpendicular  to  the  axis  of  the  drill  hole,  the 
angle  between  opposite  holes  in  the  cut  should  be  as  large  as  can  be 
obtained  with  any  given  depth  of  round.  Hence,  it  follows  that  the 
drill  holes  should  start  as  near  as  possible  to  the  opposite  sides  of  the 
heading;  but  obviously  the  full  width  of  the  heading  can  not  be  util- 
ized because  provision  must  be  made  for  the  feed  screw  and  crank 
of  the  drill,  which  usually  extend  3  to  4  feet  from  the  face.  This 
necessary  allowance  works  especially  to  the  disadvantage  of  narrow 
headings,  because  in  them  a  greater  proportion  of  the  actual  width 
must  be  sacrificed.  But  with  broad  headings  the  marked  advantage 
of  a  wide  angle  is  easily  obtained  and  possibly  offers  an  explanation 
of  the  popularity  of  the  wedge-cut  system  in  such  headings. 

Of  even  greater  importance  than  the  necessity  of  procuring  a  wide 
angle  between  opposite  holes  is  that  of  drilling  them  so  that  they 
meet,  or  at  least  bottom  near  enough  to  one  another  to  be  detonated 
simultaneously  by  the  one  first  to  explode.  Owing  to  mechanical 
reasons,  the  width  of  the  drill  bit,  and  hence  the  size  of  the  holes, 
must  be  decreased  with  each  successive  change  of  steel,  and  as  a 
result  the  hole  is  necessarily  smallest  at  its  bottom  end— 4lie  place 
where  the  explosive  is  most  needed  and  where  it  is  extremely  desir- 
able that  the  holes  should  be  as  large  as  possible.  Omittin£  from 
consideration  the  expedient  of  chambering — that  is,  the  enlarirement 
of  the  bottom  of  the  hole  by  the  explosion  of  a  small  primary  charge 
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before  loading  it  with  the  main  charge  of  the  explosive — ^which  con- 
somes  entirely  too  much  time  to  be  considered  for  rapid  tunnel  driv- 
ing, the  defect  can  be  overcome  to  a  surprisingly  large  degree  by  the 
simple  resort  of  connecting  the  drill  holes,  which  concentrates  the 
explosive  at  the  point  of  the  V.  When  fuse  firing  is  employed,  it  is 
essential  that  the  holes  be  so  directed  that  they  are  intercommunicat- 
ing (or  so  nearly  so  that  both  holes  will  detonate  together)  or  the 
desired  effect  will  not  be  gained,  but  when  electric  firing  is  employed 
direct  connection,  although  very  desirable,  is  not  so  absolutely  es- 
sential. 

In  addition  to  the  mere  concentration  of  explosive  thus  obtained, 
the  combined  efficiency  of  the  two  charges  is  much  greater  than 
when  exploded  separately.  If  it  be  assumed  that  the  holes  are  drilled 
in  homogeneous  rock  and  that  they  make  equal  angles  with  the  short- 
est line  from  their  junction  to  the  free  face,  and  if  both  are  loaded 
with  identical  charges  of  explosive  and  detonated  simultaneously, 
their  maximum  breaking  effect  will  be  exerted  along  the  resultant 
of  their  combined  forces,  which  in  this  theoretical  case  coincides  with 
the  shortest  distance  to  the  free  face  (the  line  of  least  resistance). 
Practically,  of  course,  this  result  will  be  somewhat  modified ;  but  it  is 
a  well-established  fact  that  if  the  ground  is  tough  and  difficult  to 
break,  much  better  results  are  obtained  if  the  cut  holes  are  directed 
and  drilled  to  intersect — ^although,  unfortunately,  this  is  not  widely 
known,  as  evidenced  by  the  too  great  nmnber  of  cases  observed  where 
no  attempt  was  made  to  connect  the  cut  holes. 

Practically  the  same  conditions  prevail  with  the  pyramid  cut. 
The  number  of  holes  comprising  it  may  vary  from  three  to  six,  or 
even  eight,  according  to  the  nature  of  the  ground,  and  the  proper 
number  can  best  be  determined  by  experiment  It  is  just  as  neces- 
sary to  drill  the  holes  with  the  widest  possible  angle  between  them, 
and  it  is  even  more  essential  that  they  meet  in  a  common  point,  be- 
cause one  of  the  main  advantages  of  this  cut  is  the  concentration  of  a 
greater  quantity  of  explosive  at  the  narrow  apex  of  the  core  of  rock 
to  be  removed.  This  advantage  is  lost  if  the  charges  of  explosive  in 
the  different  cut  holes  are  not  detonated  simultaneously. 

The  bottom  cut,  as  usually  drilled  in  practice,  although  it  often 
enables  the  attainment  of  a  wider  angle  between  the  axis  of  the  drill 
hole  and  the  line  of  least  resistance  disregards  entirely  the  impor- 
tant advantage  to  be  obtained  from  connecting  drill  holes,  and  this, 
in  the  opinion  of  the  authors,  should  bo  sufficient  to  prevent  its  use 
under  any  but  exceptional  conditions.  For  narrow  mine  adits, 
however,  in  which  it  would  be  impracticable,  if,  indeed,  possible, 
to  drill  an  effective  wedge  or  a  pyramid  cut  round,  the  bottom  cut 
famishes  the  only  solution  of  the  difficulty.    In  drilling  in  such  a 
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tunnel  it  is  recommended  that  the  cut  holes  be  drilled  from  as  near 
the  top  of  the  heading  as  possible  and  directed  in  such  a  manner 
that  they  will  connect  with  holes  that  are  usually  considered  lifters 
and  that  both  be  detonated  together. 

DEPTH  OF  HOLES. 

During  the  past  four  or  five  years  there  has  been  some  difference 
of  opinion  among  students  of  the  problems  of  tunnel  driving,  as  to 
the  proper  depth  for  drill  holes  in  tunnel  headings.  In  view  of 
some  of  the  remarkable  results  attained  in  driving  the  Simplon  and 
Loetschberg  Tunnels,  where,  as  is  agreed  by  everyone,  the  holes 
were  much  shallower  than  those  in  American  practice,  the  question 
has  been  raised  as  to  whether  the  holes  in  the  tunnels  of  this  country 
are  drilled  too  deep.  Numerous  tables  have  been  prepared  in  sup- 
port of  this  argument,  from  which  it  appears  that  at  most  European 
tunnels  the  progress  is  much  greater  (in  some  cases  more  than  twice 
greater)  than  that  of  tunnels  in  America.  At  the  same  time  consid- 
eration is  not  always  given  the  fact  that  in  many  instances  the 
records  are  by  nature  in  no  wise  comparable;  for  in  Europe,  at  the 
majority  of  tunnels  cited,  the  work  was  conducted  throughout  the 
entire  24  hours  of  each  day,  whereas  in  America  in  many  instances 
only  two  shifts  (and,  indeed,  in  some  only  one)  were  employed 
daily.  Then,  again,  the  nature  of  the  rock  exerts  an  all-important 
influence  upon  progress,  and  in  many  cases  this  has  been  to  the 
advantage  of  the  European  tunnels.  A  notable  example  of  the 
influence  of  the  rock  encountered  is  found  at  the  Loetschberg  Tunnel, 
where  the  same  methods  and  practically  the  same  equipment  were 
employed  at  the  different  ends,  the  north  end  working  in  limestone 
and  the  south  end  in  gneiss  and  schist.  The  progress  attained  at  the 
south  end  was  much  less  than  that  at  the  north,  in  some  months  the 
progress  in  the  north  end  being  nearly  double  that  in  the  south. 
Other  considerations,  also,  especially  the  labor  and  the  cost  of  driv- 
ing, enter  into  the  problem  in  such  a  manner  as  to  make  it  impos- 
sible to  say  (when  everything  is  taken  into  account)  that  the  greater 
speed  in  European  tunnels  is  due  solely  to  the  use  of  extremely 
shallow  holes.  That  in  many  instances  the  holes  in  American  tunnel 
headings  are  too  deep,  however,  is  impossible  of  denial,  and  hence 
a  discussion  of  the  factors  that  enter  into  the  determination  of  the 
proper  depth  of  holes  is  extremely  desirable. 

One  of  the  chief  advantages  arising  from  the  use  of  shallow 
rounds  is  (when  the  holes  are  properly  directed)  the  increased  eflS- 
ciency  obtainable  from  a  given  charge  of  explosive;  for,  as  the  width 
of  the  heading  is  for  all  practical  purposes  constant,  the  angle  be- 
tween the  line  of  least  resistance  and  the  axis  of  the  bore  hole  bc- 
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comes  a  function  of  the  depth  of  round,  the  width  of  the  angle 
increasing  with  shallow  holes.  This  advantage  obtains  especially 
with  the  wedge-cut  and  with  the  pyramid-cut,  and  it  should  be  a 
fundamental  consideration  with  the  bottom-cut  method  of  drilling 
the  holes.  Strangely  enough,  however,  in  the  Loetschberg  and  the 
Simplon  Tunnels,  which  are  so  often  cited  as  examples  of  the 
"  highly  desirable  "  European  practice  of  using  shallow  holes,  this 
advantage  was  almost  if  not  entirely  thrown  away  because  the  holes 
were  drilled  in  vertical  rows  and  were  nearly -parallel  to  the  bore 
of  the  tunnel.  In  such  a  case  the  line  of  least  resistance  and  the 
axis  of  the  bore  hole  are  nearly  coincident,  a  condition  that  results 
in  the  production  of  the  least  possible  efficiency  from  the  charge  of 
explosive,  and  it  can  not  be  gainsaid  even  by  the  advocates  of  this 
method  that  a  much  greater  quantity  of  explosive  was  required  to 
break  the  same  amount  of  rock  than  is  usual  in  American  practice. 
If  to  this  is  added  the  fact  that  such  a  system  utterly  ignores  the 
advantage  to  be  obtained  from  connected  drill  holes  by  the  concen- 
tration of  explosive  at  the  apex  of  the  core  of  rock  to  be  removed, 
there  is  strong  ground  for  rational  suspicion  that  the  extreme 
nhallowness  of  the  holes  used  in  these  tunnels  was  adopted  from 
necessity  rather  than  from  desirability ;  with  this  system  of  drilling 
and  directing  the  holes  the  difficulty  of  blasting  out  the  rock  with 
deeper  rounds  could  not  fail  to  be  greatly  increased. 

Among  other  advantages  of  the  use  of  reasonably  shallow  holes 
may  be  mentioned  the  fact  that  such  a  method  allows  the  holes  to 
be  of  larger  diameter  at  their  farther  end,  increasing  their  capacity 
for  explosive  and  enabling  its  concentration  at  the  point  where  it  is 
most  needed.  This  feature  makes  possible  the  European  practice  of 
employing  extremely  shallow  holes,  but  it  can  hardly  be  denied  that 
much  more  effective  results  in  blasting  might  be  accomplished  by  a 
change  in  the  direction  of  the  cut  holes.  Then,  too,  as  in  America  at 
least,  the  holes  are  rarely  charged  with  explosive  to  their  full  extent; 
the  mass  of  rock  between  the  ends  of  the  charges  of  explosive  in 
the  different  holes  and  the  free  face  of  the  heading  (which  can  be 
considered  as  a  measure  of  the  amount  of  resistance  to  be  overcome) 
is  not  so  great  with  the  shallow  holes.  This  fact  or  the  customary 
use  of  relatively  heavier  charges  in  shallow  holes  may  explain, 
perhaps,  why  in  such  cases  the  major  part  of  the  rock  is  usually 
thrown  farther  down  the  tunnel  instead  of  being  piled  high  immedi- 
ately in  front  of  the  new  face,  with  the  double  advantage  of  making 
loading  of  the  rock  easier  and  saving  time  in  getting  the  drills 
mounted.  It  is  fairly  well  established,  also,  that  the  rock  tends  to 
break  into  smaller  fragments  if  shallow  holes  are  employed.  Again, 
if  deep  holes  are  not  employed  the  same  care  in  starting  them  exactly 
at  a  given  point  is  not  required,  nor  is  it  necessary  to  direct  them 
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with  such  great  accuracy,  although  of  course  the  need  of  connecting 
the  cut  holes  must  not  be  overlooked. 

The  principal  and  unavoidable  disadvantage  in  using  the  shallow 
hole  round,  on  the  other  hand,  is  the  fact  that  in  order  to  obtain 
the  same  daily  advance  a  proportionately  greater  number  of  drilling 
attacks  must  be  made.  This  results  in  a  waste  of  time  in  drilling, 
for  it  is  possible  under  ordinary  circumstances  to  drill  one  hole  of  a 
given  3epth  more  rapidly  than  it  is  two  holes  of  the  same  aggregate 
footage,  because  of  the  time  lost  in  changing  to  a  new  position, 
starting,  etc.  But  even  granting  that  the  difference  in  drilling  time 
(perhaps  because  it  is  too  small  or  because  in  either  case  the  drilling 
can  be  completed  before  the  heading  can  be  cleared  of  debris)  is 
not  an  appreciable  factor,  each  extra  drilling  attack  required  to 
obtain  the  same  progress  causes  a  corresponding  loss  of  time  in 
loading  and  blasting  the  holes,  in  waiting  for  the  smoke  and  gases 
to  be  removed,  in  clearing  the  debris  from  immediately  in  front  of 
the  face,  and  in  setting  up  the  drills,  all  of  which  is  ordinarily  dead 
work  and  can  not  be  avoided.  This  loss  was  seriously  felt  at  the 
Loetschberg  Tunnel,  because  in  the  endeavor  to  compensate  for  it 
four  drills  had  to  be  employed  in  the  heading  (6  by  10  feet),  and 
as  a  result  the  holes  had  to  be  drilled  nearly  straight,  with  disad- 
vantages already  described,  because  otherwise  the  drills  in  the  cen- 
ter interfered  seriously  with  the  operation  of  those  at  the  side. 

On  the  other  hand,  if  the  holes  are  too  deep  the  angle  between  the 
cut  holes  may  be  so  narrow  and  the  mass  of  rock  in  front  of  the 
charge  of  explosive  may  be  so  great  that  it  will  be  impossible  for  the 
cuts  to  break  bottom  on  the  first  blast,  and  thus  the  entire  round  is 
spoiled.  The  usual  remedy  in  such  cases  is  to  blast  the  cuts  sepa- 
rately and  not  to  fire  the  remainder  of  the  round  until  inspection 
has  shown  that  the  proper  depth  has  been  reached  by  the  cut  holes. 
Some  delay  can  not  be  avoided  when  this  method  is  employed,  even 
if  the  holes  break  to  the  end,  for  it  is  never  possible  to  return  to  the 
breast  for  such  inspection  immediately  after  the  cuts  have  been 
detonated.  But  if  the  cut  holes  fail  to  break,  the  delay  is  greatly 
increased,  because  the  remaining  parts  must  be  cleaned  out,  reloaded, 
and  fired,  with  an  additional  delay  in  waiting  for  the  smoke  to  clear. 

This  system  was  used  at  one  of  the  Colorado  tunnels,  which  at 
the  time  of  first  examination  was  being  driven  through  some  very 
tough  rock.  A  round  of  holes  slightly  deeper  than  the  average 
width  of  the  heading  was  used,  and  it  had  given  satisfactory  results 
in  the  somewhat  more  frangible  ground  previously  penetrated,  the 
round  being  drilled  and  blasted  in  an  8-hour  shift  without  difficulty, 
but  when  the  harder  rock  was  struck  it  became  necessary  to  blast  the 
cuts  separately,  and  frequently  to  reload  and  shoot  them  for  the 
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second  and  occasionally  for  the  third  time,  the  cycle  being  length- 
ened to  about  10  hours,  and  several  times  at  least  14  hours  was 
needed.  If  three  drilling  shifts  had  been  employed  at  the  time,  such 
a  condition  would  have  been  fatal,  but  as  only  two  attacks  were  being 
made  the  difference  was  not  so  noticeable,  though  even  in  this  case  the 
cost  of  the  extra  explosives  required  and  the  overtime  wages  of  the 
men  added  a  considerable  expense  to  the  timnel  work.  Shortly 
after  the  first  examination  of  this  tunnel  by  the  authors,  however, 
the  depth  of  the  rounds  was  reduced  to  about  75  per  cent  of  the  width 
of  the  heading. 

This  made  it  unnecessary  to  load  and  shoot  the  cuts  separately, 
and  instead  of  getting  two  Tj-f oot  rounds  in  20  to  22  hours,  by  work- 
ing three  8-hour  shifts  it  was  possible  to  drill  and  blast  four,  and 
sometimes  five,  5- foot  rounds  per  day,  thus  increasing  the  daily  tun- 
nel progress  from  15  to  nearly  23  feet  with  only  a  small  extra  cost  for 
labor.  The  consumption  of  explosive,  a  considerable  item  with  the 
old  sfystem,  was  also  decreased  fully  25  per  cent,  and  the  total  cost 
of  the  tunnel  per  foot  was  considerably  reduced. 

The  disadvantage  of  too  deep  holes  was  strikingly  brought  out  in 
the  construction  of  the  Laramie-Poudre  Tunnel.  During  the  first 
part  of  the  work  a  10-foot  round  was  drilled  in  a  heading  9^  feet 
wide,  but  the  round  was  later  changed  to  one  of  7-foot  depth  with 
much  better  results.  To  be  more  specific,  during  the  seven  months 
from  April  1, 1910,  to  October  31, 1910,  at  the  east  end  of  the  tunnel, 
3471  feet  was  driven,  an  average  of  453  feet  per  month,  with  a  10- foot 
round;  but  during  the  next  8|  months,  from  November  1,  1910,  to 
July  24, 1911,  when  the  tunnel  holed  through,  4,798  feet  was  driven,  or 
an  average  of  545  feet,  with  a  7-foot  round.  This  in  an  increase  of 
over  20  per  cent  in  spite  of  the  fact  that  the  greater  speed  was  made 
when  the  work  was  at  a  greater  distance  from  the  portal;  and,  as 
there  was  no  essential  change  in  the  methods  or  the  equipment,  or 
in  the  character  of  the  rock  penetrated,  the  increase  is  attributable 
solely  to  the  use  of  shallower  holes.  When  the  10- foot  holes  were 
employed  to  obtain  an  advancement  of  8^  to  9  feet  it  was  unusual  to 
be  able  to  drill  and  blast  more  than  two  rounds  in  24  hours,  and 
oftentimes  not  that  many,  as  the  average  of  14 J  feet  daily  testifies ; 
but  with  the  7- foot  round  not  ohly  could  three  attacks  be  made,  ad- 
vancing on  an  average  of  6.5  feet  per  attack,  but  a  comfortable 
margin  of  time  was  left  to  provide  for  delays,  and  under  favorable 
conditions  this  extra  time  meant  extra  footage.  Thus,  in  March, 
1911,  the  American  hard-rock  record  of  653  feet,  or  over  21  feet  per 
day,  was  established.  This  advantage  of  being  able  to  c(»nplete  an 
entire  cycle  of  operations  during  a  single  shift  should  be  given  the 
weight  it  deserves  in  the  problem.    If  crews  of  men  could  be  found 
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who  would  work  as  well  without  rivalry  and  without  special  incentive 
to  push  the  work,  it  might  be  perfectly  feasible  to  choose  a  depth  of 
round  that  would  require  10  or  even  12  hours  for  preparation,  but 
under  the  present  working  conditions,  where  it  is  necessary  to  have 
some  accurate  measure  of  the  work  performed  by  each  crew,  a  round 
is  required  for  which  the  entire  cycle  can  be  completed  during  a 
single  shift,  with  a  suiBcient  margin  of  safety  to  provide  for  any 
ordinary  dday. 

It  is,  of  course,  impossible  to  set  any  definite  standard  or  guide 
for  the  proper  depth  of  hole  that  will  be  applicable  to  all  cases. 
There  are  too  many  variables  influencing  the  result.  The  proper 
depth  must  be  determined  by  experiment  in  each  individual  case. 
However,  from  an  extended  examination  of  the  results  obtained  from 
the  methods  employed  in  American  practice,  from  a  careful  analysis 
of  European  practice  as  outlined  in  available  published  accounts, 
and  from  a  study  of  all  otlier  procurable  modem  authority,  the 
authors  are  of  the  opinion  that  for  the  majority  of  cases  the  proper 
depth  of  drill  hole,  the  one  that  most  equitably  balances  the  advan- 
tages and  disadvantages  inseparable  from  the  problem,  is  60  to  80  per 
cent  of  the  width  of  the  tunnel  heading.  The  following  table  gives 
an  analysis  of  American  practice  in  this  respect: 


Table  15. — Depth  of  drill  holes  used  in  American  tunnels. 


Name  of 
tunnel. 

Type  of 
cut. 

head- 

Width 

of 
head- 

Average 

depth  of 

cut 

Average 

depth  of 

other 

Average 

depth  of 

round 

Percentage 
of  width  of 
head  tog  of 

Character  of 
trated. 

tog. 

tog. 

holes. 

holes. 

drilled. 

average 
round. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Buffalo  (water) 

Wedge.... 

8 

15 

8 

7 

7 

46.6 

Limestone. 

Carter 

Bottom... 

7J 

fi) 

9 

8 

8 

al06 

Gneiss,    gran- 

ite, and  por- 

phyry. 

Catskfll  Aque- 

duct: 

Rondout 

Wedge.... 

8 

14 

10 

8 

8 

67 

Limestone, 

Siphon. 

sandstone, 
and  shale. 

WallklU 

Siphon. 

Moodna 

...do 

8 

14 

12 

10 

10 

71.5 

Shale. 

...do 

8 

14 

10 

8 

8 

57 

Sandstone  and 

^Siphon. 

shale. 

Yonkers 

...do^ 

8 

14 

8 

6 

6 

48 

Gneiss. 

Siphon. 

Central 

...do 

7 

5 

8 

7 

7 

140 

Po. 

Fort  William 

Bottom... 

6i 

5 

6 

5 

5 

077 

Basalt. 

(water). 

Gold  Links 

...do 

8 

6 

6 

5 

6 

a62.5 

Granite    and 

Ounnison 

Wedge.... 

6 

10 

7 

6 

8 

60 

gneiss. 
Altered  gran, 
ite. 

Joker(dralnaRe) 

...do 

11 

12 

loi 

9 

9 

75 

LaramJe-Pou- 

...do 

6i 

Oi 

8 

7 

7 

74 

Close  -  gratoed 

dre. 

granite. 

T.ftl1fffttlftA 

...do 

8 

12 

8 

7 

7 

68 

CoTigk)merat<» 
shale,  and 
coal. 

Lucania 

...do 

8 

8 

9 

8 

8 

100 

ITard  pranlte. 

Marshall- Rua- 

Pyramkl.. 

9 

8 

10 

9 

9 

112 

Graniteand 

aelL 

gneiss. 
Shale    a  ▼!  f? 

Mtaton 

Bottom... 

7 

6 

8 

7 

7 

olOO 

slate. 

a  The  height  of  the  heading, 
employed. 


of  its  width,  i?  considered  In  this  ratio  when  t'n  bitto'»i  cut  1=; 


Digitized  by  LjOOQIC 


TUNNEL-CONSTRUCTION  METHODS*  151 

Table  l^.-^Depth  of  drill  holes  used  in  American  tunnels — Continued. 


Name  of 

tunnel. 


Type  of 
cat. 


HeUht 

hmd- 
Ing. 


Width 

of 
head< 

ing. 


ATBTBgD 

depth  of 
cut 
boles. 


Average 

depth  of 

other 

boles. 


Avenge 

depth  of 

roand 

drilled. 


Percentage 
of  width  of 
heading  of 

roun< 


Character  of 
rock  pene- 
trated. 


Mission   (hard 
ground). 

Nevhouse 

Nisqually 

Northwest 
^  (water). 

Ophelia 

Rawtoy 

Raymond. 


Roosevelt 

Shratch 

Snake  Creek.. 


Pyramid.. 

..do 

Bottom... 
Wedge.... 

..do 

..do 

..do 


.do 

Bottom. 
Wedge.. 

..do 

..do 


Feet. 

7 

8 
11 
10 

9 
7 
9 

0 
7i 


7 


Stiawbcnry.. 


Utah 
Yak.. 


...do 


Bottom... 
Pyramid.. 


Feet. 
5 

8 
H 
13 

0 

? 

10 
6 

Oi 

10 
7 


10 
7 


Feet, 


? 

10 

7 
9 

la 

7 
5 

1? 
61 


Feet. 


6 

8 
10 


Feet. 


6 

5 

I? 

6 


P 


6 
8 
10 

0 
6 
6 
10 
6 


140 

60 

a69 

60 

67 
106 
111 

60 
a  67 


86 
75 


■  75 
57 


Sandstone. 

Gneiss. 

RhvoUte. 

Sedimentary. 

Qranlte. 
Andesite. 
Gneiss  and 

granite. 
Hard  granite. 
Granite. 
Diabase. 
Limestone. 
Conglomerate 

ana  andesite. 
Limestone, 

sandstone, 

and  shale. 
Quartsite. 
Limestone, 

sandstone, 

shale,  and 

granite. 


•  The  height  of  the  heading,  instead  of  its  width,  is  considered  in  this  ratio  when  the  bottom  cut  is 
employed. 

BLASTING. 

SELECTION  OF  EXPLOSIVE. 

To  be  suitable  for  use  in  tunnel  work,  as  distinguished  from  surface 
blasting  operations,  an  explosive  should  not  produce  any  great  quan- 
tity of  poisonous  gases  and  ghould  not  easily  be  affected  by  moisture. 
In  eommon  with  other  usages,  a  substance  is  required  here  that  is 
stable  in  composition  and  not  rapidly  deteriorated  by  frequent 
changes  in  temperature  or  other  causes;  it  must  not  be  so  sensitive 
to  shock  that  safe  transportation  and  handling  is  well-nigh  impos- 
sible, as,  for  example,  is  the  case  with  liquid  nitroglycerin.  Although 
under  some  circumstances,  especially  in  tunnels  that  are  not  wet,  an 
explosive  called  ammonia  dynamite  can  be  employed,  the  one  that 
best  fulfills  the  necessary  requirements  and  the  one  that  is  almost 
universally  used  in  tunnel  work  is  known  as  gelatin  dynamite. 

Gelatin  dynamite  is  a  combination  of  a  certain  quantity  of  blasting 
gelatin  (varying  according  to  the  strength  desired)  and  a  suitable 
absorbent  The  former  is  made  by  adding  a  small  percentage  of 
guncotton  (nitrocellulose)  to  liquid  nitroglycerin,  thus  producing  a 
jellylike  mass  that  has  greater  explosive  qualities  than  either  of  its 
constituents,  but  is  much  less  sensitive  to  shock  than  nitroglycerin. 
The  absorbent  is  usually  some  combustible  material  (wood  pulp  is 
frequently  employed)  to  which  has  been  added  sufficient  sodium  ni- 
trate to  supply  the  necessary  oxygen  for  its  combustion.    By  the  use 
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of  such  a  combustible  absorbent,  instead  of  the  inert  one  form^ly 
employed  with  "straight"  nitroglycerin  dynamite,  the  gases  gener- 
ated by  the  burning  of  the  wood  pulp  add  to  the  volume  produced  by 
the  detonation  of  the  explosive  constituent,  and  the  extra  heat  gener- 
ated in  this  combustion  adds  greatly  to  the  total  intensity  of  the  reac- 
tion. Ammonia  dynamites,  which  were  discovered  somewhat  more 
recently,  consist  of  a  combination  of  ammonium  nitrate  and  nitro- 
glycerin absorbed  in  a  so-called  "  dope  "  similar  to  that  just  described. 
The  following  tables®  show  typical  compositions  of  commercial 
samples  of  these  two  kinds  of  dynamite :  ^ 

Typical  compositions  of  commercial  gelatin  dynamite. 


Strength. 

Ingredient. 

30  per 
cent. 

35  per 
cent. 

40  per 
cent. 

50  per 
cent. 

65  per 
cent. 

60  per 
cent. 

70  par 
cent. 

Nitroglycerin 

Per  cent. 
23.0 
.7 
62.3 
13.0 
1.0 

Percent. 

28.0 

.9 

68.1 

12.0 

1.0 

Percent. 
33.0 

1.0 
52.0 
13.0 

1.0 

Percent. 
42.0 

1.5 
45.5 
10.0 

1.0 

Percent. 

46.0 
1.7 

42.3 
9.0 
1.0 

Percent. 

60.0 
1.9 

38.1 
9.0 
1.0 

Percent. 

NitroodlukMe 

2.4 

Sodium  nitrate 

29.6 

Combustible  material « 

7.0 

Calcium  carbonate 

1.0 

a  Wood  pulp  (used  with  GO  and  70  per  cent  strength),  sulphur,  flour,  wood  pulp,  and  sometimes  resin 
used  in  other  grades. 

Typical  compositiofM  of  commercial  ammonia  djfnamite. 


Strength. 

Ingredient. 

30  per 
cent.  • 

85  per 
cent. 

40  per 
cent. 

60  per 
cenL 

00  per 
cent. 

Nitroglycerin 

Percent. 
15 
15 
61 
IS 
1 

Percent. 

20 
15 

48 
16 

1 

Percent. 
22 
20 
42 
15 
1 

Percent. 
27 
25 

36 
11 

1 

Percent, 
35 

A mvnoninm  nitrate. ,, 

ao 

Sodium  nitrate 

24 

nAtnhiMtlhffi  mAt«Hftl «  

10 

Calcium  carbonate  or  sine  oxide . 

1 

a  Wood  pulp,  flour,  and  sulphur. 

The  harmful  gases  usually  resulting  from  dynamite  are  carbon 
dioxide  and  carbon  monoxide.  Although  the  former  will  not  sup- 
port respiration,  and  when  present  in  sufficient  amount  may  cause 
unconsciousness  and  even  death  from  strangulation,  it  has  no  very 
injurious  effects  when  sufficiently  diluted.    Carbon  monoxide,  how- 

•  From  a  paper  by  Clarence  Hall  before  the  Am.  Inst.  Chem.  Eng.,  Washfaigton,  D.  C,  meeting  of  Dec 
20, 1911. 

'For  further  dlBcuBslon  of  the  nature  and  compoBltlon  of  explosives,  which  is  hardly 
within  the  province  of  this  report,  the  reader  is  referred  to  the  following  bulletins  pub- 
lished by  the  Bureau  of  Mines : 

Bull.  15 :  Investigations  of  explosives  used  in  coal  mines,  by  Clarence  Hall,  W.  O. 
Snelllng,  and  S.  P.  Howell,  with  a  chapter  on  the  natural  gas  used  at  Pittsburgh,  by  O.  A. 
Burrell,  and  an  introduction  by  C.  E.  Munroe.     1911.     200  pp.,  7  pis. 

Bull.  17 :  A  primer  on  explosives  for  coal  miners,  by  C.  B.  Munroe  and  Clarence  Hall. 
61  pp.,  10  pU.    Reprint  of  U.  8.  Oeol.  Survey  Bull.  423. 
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fcver,  is  hbt  only  exceedingly  dangerous,  but  its  effects  are  also  cumu- 
lative;  indeed,  if  air  containing  even  a  small  amount  of  it  is  breathed 
for  any  length  of  time,  serious  and  often  fatal  results  will  follow. 
The  fact  that  gelatin  dynamite  (and  perhaps  ammonia  dynamite, 
which  approaches  it  very  closely  in  this  respect)  produces  under 
proper  conditions  the  least  amount  of  carbon  monoxide  is  one  of  its 
chief  advantages  for  use  in  tunnel  work.  Even  with  this  explosive, 
however,  if  the  blasting  cap  is  not  strong  enough  to  cause  a  complete 
detonation,  especially  if  the  dynamite  burns  rather  than  explodes, 
much  greater  amounts  of  carbon  monoxide  are  formed ;  in  addition 
there  are  many  other  harmful  gases  produced,  among  which  may  be 
mentioned  the  dangerous  peroxide  of  nitrogen  and  hydrogen  sulphide, 
the  former  being  especially  virulent. 

The  following  table  shows  the  results  of  tests  conducted  by  the 
Bureau  of  Mines  concerning  the  kind  and  amount  of  gases  produced 
by  the  detonation  of  samples  of  various  kinds  of  commercial  dyna- 
mites. In  making  the  tests  a  charge  of  200  grams  (approximately  7 
ounces)  in  the  original  wrapper  was  exploded  in  a  Bichel  pressure 
gage,  the  gaseous  products  being  retained  and  analyzed. 

Gaseous  produtjin  from  explosives. 


Kindofezploslm 

Carbon 
dioxide. 

Carbon 
monox- 
ide. 

Oxygen. 

Hydro- 
gen. 

Methane. 

Nitrogen. 

Hydro- 
gen 8ul- 
phidft. 

Volome 
of  gas. 

«percaiit«rt»ight" 
nltrugl jcu  ill  dyiuh 

Percent. 
27.3 

22.2 
50.8 
41.4 
49.7 

Percent. 
26.0 

34.6 
3.0 
3.8 

10.8 

I)frce7U. 
0.0 

.0 
.0 
.0 
.0 

Percent. 
18.0 

23.2 
1.8 
3.1 

1.8 

Percent. 
0.4 

.8 
.8 
.8 
.6 

PerceTU. 
27.4 

10.2 
30.5 
45.5 
28.4 

Percent. 

Xftfft. 
88.5 

aOperoent«rt»«ght" 
nitrugly  vwrin  dyiuh 
mite 

128.9 

40  per  cent  ttreogth 

Ftr  mack.  tHastmf 
powderOOOgnms). 

4.1 
5.4 

8.7 

60.8 
65.6 
67.8 

A  further  distinctive  feature  of  gelatin  dynamite,  winning  for  it 
the  advantage  over  ammonia  dynamite  for  most  tunnel  work,  consists 
in  its  practically  waterproof  quality,  a  condition  largely  due  to  the 
insolubility  of  the  blasting  gelatin  which  can  be  freely  immersed  in 
water  with  little  if  any  of  it  dissolving.  Ammonia  dynamite,  on  the 
other  hand,  being  hygroscopic,  has  a  great  affinity  for  moisture,  and 
hence  not  only  can  not  be  used  in  wet  work  (or  even  in  damp  work 
if  the  original  paraffined  paper  covering  has  to  be  split) ,  but  greater 
care  must  be  used  in  selecting  a  dry  place  for  storing  it. 

Gelatin  dynamite  is  somewhat  less  sensitive  to  direct  shocks  than 
other  dynamites,  and,  unlike  them,  the  sensitiveness  does  not  increase 
with  the  strength ;  much  stronger  detonators  must  therefore  be  used. 
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even  with  the  higher  grades,  in  order  to  insure  complete  detonation. 
This  fact  is  often  not  sufficiently  appreciated  by  practical  mining 
men,  many  of  whom  are  not  aware  of  the  greater  ultimate  economy 
obtainable  if  the  more  powerful,  although  somewhat  higher-priced, 
detonators  are  used  with  gelatin  dynamitea 

The  strength  of  nitroglycerin  dynamites  as  they  are  made  to-day 
is  generally  rated  according  to  the  percentage  of  their  nitroglycerin 
content  in  spite  of  the  fact  that  both  the  volume  of  gases  and  the 
temperature  (and  hence  the  disruptive  force)  are  augmented  some- 
what by  the  combustion  of  the  absorbent  material.  Although  40 
per  cent  is  the  strength  most  generally  employed,  they  may  be  ob- 
tained in  the  following  grades :  15, 17,  20,  25,  30,  33,  35,  40,  45,  50,  60, 
70,  75,  and  80  per  cent.  In  the  ammonia  dynamites  a  part  of  the 
nitroglycerin  is  replaced  by  ammonia  nitrate;  but,  as  will  be  seen 
from  the  table  on  page  152,  the  rated  strength  of  this  dynamite  is 
nearly  the  sum  of  the  percentages  of  these  two  constituents.  Ammo- 
nia dynamite  is  prepared  in  the  same  grades  as  nitroglycerin  dyna- 
mite between  25  and  60  per  cent  Owing  to  the  strength  of  the 
blasting  gelatin  being  greater  than  either  of  its  constituents,  the  rated 
strength  of  gelatin  dynamite  is  somewhat  greater  than  the  percentage 
of  its  explosive  element.  The  usual  grades  of  this  dynamite  corre- 
spond to  those  of  nitroglycerin  dynamite  between  35  and  80  per  cent. 
but  it  may  also  be  procured  in  "  100  per  cent "  strength. 

The  proper  grade  for  use  at  any  particular  tunnel  must  be  deter- 
mined solely  by  local  conditions.  Such  widely  divergent  results  are 
obtained  at  different  localities,  although  the  same  grade  of  explosive 
is  used,  and  although  the  rock,  as  far  as  can  be  determined  from  its 
physical  appearance  and  structure,  is  identical,  that  it  is  impossible 
to  be  dogmatic  even  with  minute  knowledge  of  local  details.  Gener- 
ally speaking,  however,  a  tough,  close-grained,  igneous  rock  will 
require  a  stronger  explosive,  whereas  a  sedimentary  rock,  or  an 
igneous  rock  that  has  been  altered  and  weathered,  or  perhaps  shat- 
tered and  broken,  can  be  blasted  just  as  effectively  with  a  lower  grade 
of  dynamite.  A  notable  example  of  the  use  of  an  extremely  high- 
grade  explosive  is  that  of  the  Roosevelt  Tunnel,  where  in  the  tough, 
close-grained,  Pikes  Peak  granite  "  100  per  cent ''  gelatin  dynamite 
was  required  before  satisfactory  results  were  obtained.  This  is  re- 
ported to  have  been  the  first  "  100  per  cent "  dynamite  put  to  use  in 
tunnel  work.  At  the  beginning  of  all  work  it  is  advisable  to  experi- 
ment with  explosives  of  different  strengths  in  order  to  determine 
which  grade  is  best  suited  for  the  particular  rock  being  penetrated, 
and  it  is,  of  course,  obvious  that  similar  experiments  should  be  re- 
peated whenever,  owing  perhaps  to  a  change  in  the  character  of  the 
rock,  the  dynamite  being  used  fails  to  give  satisfactory  results. 
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The  following  table  shows  the  grades  of  dynamite  employed  at  the 
tunnels  visited : 


Table  16. — Dynamite  used  at  tunnels  visited. 


Name  of  tunnel. 

Kind. 

Strength. 

RemarkB. 

OKter Gelatin 

Calakm  Aqueduct: 

RoDdout  Slpbon ' do 

WallkfU  BIphon <        r^" 

Percent. 

40 

60 

60 
76 
40 
40 
40  and  60 
60 

60 

40 

40 

40 

60 

40  and  80 

40  and  60 

40 

40 

Some  80  per  cent. 

Moodna  Slpbon 

do 

do 

rrftlHMnl^,         

do 

A  amall  amount  of  60  per  cent. 
Moeay60percent. 
Some  100  percent  with  the  60  percent 
In  cut  holes. 

do 

I.Ai»min.Poudre 

do 

Laonannp.... , 

do 

Lob  Anedes  Aqueduct: 

UUSeLakB 

Qnpttvtntt 

do 

Some  25  per  cent  and  some  60  per 
cent. 

Some  60  percent  and  75  percent  gela- 
tin. 

Tried  flOper  cent  and  70  per  cent  also. 

Ki^^th  TAk^. 

Gelatin 

do 

Tji^*an% 

VmhtklURnonll 

do 

SOperoentalao. 

MWAin 

do 

Newhouse 

N1iim|#1lT 

do 

do 

100  per  cent  with  40  per  cent  in  cut 
holes  occasionally. 

RaSy!:...:::::::.::: 

do 

40  and  60 

60  per  cent  in  cut  holes  and  lifters. 

Tt^aTTiiond 

do 

40  and  60 

40, 60,  and  100 

40 

40 

40 

40 

40  and  60 

40 

Rooaerelt 

do 

8f*BtT^h 

do 

«"*^Oreek 

do 

Some  35  per  cent  and  some  60  per 
cent. 

BtOvelL 

do 

BtrawbwTT 

do 

Tt«hH^tal«  ,   ,           

....do 

Yak 

do 

The  practice  of  loading  the  bottom  part  of  the  hole  with  80  and 
even  100  per  cent  dynamite  and  using  40  or  60  per  cent  in  the  re- 
mainder is  not  now  uncommon,  especially  in  tunnels  and  adits  in 
the  Western  States.  It  has  the  advantage  of  producing  a  greater 
disruptive  force  at  the  bottom  of  the  hole,  where  such  force  is  most 
needed,  and  at  the  same  time  it  reduces  somewhat  the  cost  of  ex- 
plosives, especially  as  compared  with  an  excessive  amount  of  lower- 
grade  dynamite.  There  is  entailed,  of  course,  the  trouble  of  handling 
two  different  kinds  of  dynamite,  not  only  in  the  heading  but  in  the 
thawing  house  as  well.  Although  in  some  timnels  where  this  pro- 
cedure was  tried  the  same  results  might  possibly  have  been  achieved 
by  the  use  of  shorter  rounds,  an  alteration  in  the  type  of  cut,  or  some 
other  change  in  method,  still  the  combined  charge  is  useful,  especially 
for  exceedingly  hard,  tough  rock. 

It  is  obviously  impossible  to  make  any  set  rule  for  the  determina- 
tion of  the  proper  quantity  of  explosive  to  be  employed  in  tunnel 
«fork.  There  are  entirely  too  many  variable  factors  governed  solely 
by  local  conditions.  Various  writers  have  derived  from  theoretical 
consideration  formulas  for  the  calculation  of  the  proper  charge  of 
explosive  for  a  blast  hole,  but  the  application  of  these  rules  is  limited 
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to  Other  types  of  blasting,  such  as  quarrying  or  general  mining,  and 
they  are  not  suited  to  the  practical  and  actual  conditions  of  tunnel 
work.  For  this  the  determination  of  the  proper  quantity  of  ex- 
plosive is  often  left  to  the  judgment  of  the  foreman  in  charge,  who, 
if  he  be  widely  experienced,  can  often  produce  excellent  results;  but 
the  proper  quantity  can  best  be  ascertained  by  a  series  of  experiments 
in  which  the  effects  produced  by  different  quantities  of  explosive  are 
studied  and  compared. 

It  is  very  essential,  however,  that  the  charge  of  explosive  be  large 
enough.  If  it  is  too  small  and  the  cut  holes  fail  to  break  bottom  or 
the  rest  of  the  holes  do  not  blast  out  their  full  share  of  rock  it  will 
be  necessary  to  reload  the  parts  remaining;  this  procedure  not  only 
requires  fully  as  much  explosive  as  if  the  holes  had  been  properly 
charged  in  the  first  place,  but  also  occasions  a  loss  of  time  and  foot- 
age, both  of  which  are  expensive.  For  this  reason  in  a  number  of 
the  tunnels  visited  it  was  customary  to  load  the  cut  holes  nearly  to  the 
collar.  Although  this  is  perhaps  extreme  as  far  as  insuring  that  the 
cut  holes  break  bottom  is  concerned,  the  extra  dynamite  helps  to 
shatter  the  rock  in  finer  fragments,  thus  making  it  easier  for  the 
shovelers  to  handle.  Also,  as  no  stemming «  is  usually  employed  in 
such  cases,  a  certain  amount  of  the  explosive  probably  acts  in  that 
capacity  and  increases  the  efficiency  of  the  remainder  of  the  charge. 
The  very  common  practice  of  loading  the  lifters  entirely  full  has  a 
very  different  object — that  of  throwing  the  major  part  of  the  debris 
some  distance  away  from  the  new  face  of  the  heading,  thus  making 
it  easier  for  the  drill  men  to  get  their  machines  at  work  promptly, 
and  as  the  rock  is  scattered  over  a  greater  area  the  shovelers  can 
attack  it  to  better  advantage.  Such  a  practice  is  highly  to  be 
commended. 

Data  as  to  the  exact  amount  of  explosive  actually  employed  in  prac- 
tice are  difficult  to  obtain,  chiefly  because  at  many  places  an  accurate 
record  of  powder  consumption  is  not  kept,  but  figures  were  obtained 
wherever  possible  at  the  tunnels  visited.  At  the  Gunnison  Tunnel 
an  average  of  nearly  30  pounds  of  40  per  cent  and  60  pounds  of  60 
per  cent  gelatin  dynamite  was  employed  per  round.  This  quantity 
is  equivalent  to  approximately  5.5  pounds  per  cubic  yard  excavated. 
In  driving  the  south  heading  of  the  Elizabeth  Lake  Tunnel  the 
average  for  1909  was  32.09  pounds  *  of  explosive  per  foot  of  tunnel, 
equivalent  to  6  pounds  per  cubic  yard.    This  figure,  however,  in- 

•  In  order  to  differentiate  clearly  between  the  material  placed  on  a  charge  In  a  bore  hole 
and  the  act  of  placing  this  material,  the  Bureau  of  Mines  adopted  the  practice  of  dealsnat- 
ing  the  material  as  *'  stemming  *'  and  the  act  of  placing  it  as  "  tamping."  Readers  should 
note  this  distinction  which  has  been  observed  in  the  bureau's  publications  dealing  with  the 
testing  or  use  of  explosives. — Ed. 

» Aston,  C.  Wn  The  Blisabeth  Lake  Tunnel:  Bline  and  Minerals,  S^tember,  1910, 
p.  102. 
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eludes  the  dynamite  used  in  trimming,  so  it  is  somewhat  higher  than 
the  amount  actually  needed  in  driving.  At  the  Rondout  Siphon  175 
to  200  pounds  per  round  were  required  to  drive  an  average  of  10  feet* 
with  a  heading  approximately  120  square  feet  in  area,  equivalent  to 
3.9  to  4.5  pounds  per  cubic  yard  of  rock  excavated. 

In  advancing  the  heading  of  the  Buffalo  Water  Tunnel,  2i  pounds 
of  60  per  cent  dynamite  were  required  per  cubic  yard,*  At  the  Lara- 
mie-Poudre  Tunnel  the  powder  consumption  per  cubic  yard  for 
March,  1911,  was  3.9  pounds;  for  April,  4.7  pounds,  and  for  May, 
4.9  pounds.  The  average  on  the  Little  Lake  division  of  the  Los 
Angeles  Aqueduct  for  May,  1911,  was  4.5  pounds  per  cubic  yard. 
At  the  Wallkill  Siphon  Tunnel  the  average  powder  consumption  per 
cubic  yard  ranged  from  4.3  to  4.6  pounds.  At  the  Yonkers  Siphon 
Tunnel  the  powder  consumption  was  approximately  4.5  pounds  per 
cubic  yard  excavated. 

The  figures  for  the  explosive  used  in  the  Simplon  and  the  Loetsch- 
berg  Tunneb  indicate  that  the  European  average  is  s(Hnewhat  higher 
than  the  American  in  this  respect.  At  the  Simplon  Tunnel  the  charge 
was  6.5  pounds  per  cubic  yard,^  and  at  the  Loetschberg  Tunnel  the 
charge  per  round  to  obtain  an  average  advance  in  the  6.5  by  10  foot 
heading  of  approximately  3.5  feet  was  53  to  57  pounds,'  equivalent  to 
6.5  to  7  pounds  per  cubic  yard. 

The  usual  means  of  firing  blasting  charges,  especially  in  tunnels 
and  adits  in  the  Western  States,  is  by  the  use  of  a  safety  fuse.  The 
term  safety  fuse  originated  from  the  fact  that  when  properly  used 
under  working  conditions  this  fuse  bums  at  a  uniform  rate  and  does 
not  flash  or  explode,  as  was  often  the  case  with  the  means  employed 
for  igniting  blasting  charges  previous  to  its  invention ;  but  the  term 
is  somewhat  misleading,  because  the  fuse  is  not,  nor  has  it  ever  seri- 
ously been  claimed  to  be,  safe  for  use  in  gaseous  coal  mines.  The  fuse 
used  for  tunnel  work  is  composed  of  a  core  of  gunpowder  sur- 
rounded by  various  layers  of  waterproofing  material. 

Under  ordinary  conditions  a  safety  fuse  burns  at  a  uniform  rate, 
the  variation  rarely  being  greater  than  10  per  cent.  In  the  Euro- 
pean countries  the  normal  rate  is  approximately  30  seconds  per  foot. 
In  tests  conducted  by  the  Bureau  of  Mines  with  14  samples  of  triple- 
tape  fuse  purchased  for  the  Isthmian  Canal  the  average  rate  of  burn- 
ing was  determined  as  26  seconds  per  foot  for  3-foot  lengths  and 
24.5  seconds  per  foot  for  50-foot  lengths.  This  rate  is  much  faster 
than  that  of  the  fuse  commonly  employed  in  Western  tunnel  work, 

'  Hogan,  J.  P.,  Progress  on  the  Bondout  Pressure  Tunnel :  Eng.  Record,  Jan.  1,  1910, 

p.  2e. 

*  Sanndera,  W.  L.,  Bock  tunnel  records :  Eng.  Record,  Aug.  27,  1910.  p.  224. 

'  Sannders,  W.  L.,  Tunnel  driving  in  the  Alps :  Bull.  Am.  Inst  Min.  En^.,  July,  1911, 
p.  515. 

*  Saonden,  W.  L.,  op.  dt,  pp.  538,  539. 
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40  to  45  seconds  per  foot  being  the  customary  rate  of  burning  for 
fuse  used  there,  although  those  figures  are  not  the  results  of  tests. 

Experiments  conducted  by  the  Bureau  of  Mines «  prove  conclu- 
sively, however,  that  the  normal  rate  of  burning  of  fuse  is  greatly 
changed  by  a  number  of  conditions.  Excess  of  pressure  greatly 
accelerates  it,  and  if  the  gases  are  sufficiently  confined,  the  increase 
may  be  as  great  as  300  to  400  per  cent  Although  as  great  an  in- 
crease as  this  would  rarely  be  obtained  in  practice,  the  use  of  stem- 
ming that  is  too  tightly  packed  or  is  impervious  to  the  escaping  gases 
may  produce  sufficient  pressure  to  increase  greatly  the  rate  at  which 
the  fuse  burns.  When  fuse  is  exposed  to  low  temperature  for  a 
short  time  the  rate  is  slightly  increased,  but  if  it  is  stored  at  tempera- 
tures below  freezing  and  handled  be- 
fore being  warmed,  cracks  are  apt  to 
result  in  the  waterproof  composition 
wJiich  will  permit  the  gas  to  escape 
and,  by  reducing  the  normal  pressure, 
retard  the  speed  of  the  fuse.  Storage 
at  high  temperatures,  however,  causes 
a  marked  retardation  which  is  apt  to 
to  cause  delayed  shots  and  misfires; 
fuse  should  therefore  never  be  stored 
near  boilers  or  other  places  where 
the  temperature  is  high.  Moisture  se- 
riously impairs  the  efficiency  of  fuse, 
which  should  be  carefully  protected 
from  it.  Although  the  train  of  powder 
is  covered  with  a  waterproof  covering 
throughout  its  length,  the  powder  ex- 
posed at  the  end  readily  absorbs  mois- 
ture and  the  cotton  or  hemp  threads 
in  the  center  act  in  the  capacity  of 
sponges,  so  that  the  fuse  for  a  foot  or  so  from  the  end  may  be  im- 
pregnated with  moisture.  When  the  fuse  is  lighted  this  water  is 
driven  ahead  of  the  fire  in  the  form  of  steam  and  delays  the  burning 
of  the  fuse,  and  if  there  is  enough  of  it  may  become  concentrated  and 
extinguish  the  fuse  entirely.  Although  twisting  and  bending  seem- 
ingly have  little  effect  upon  the  rate  of  burning,  mechanical  injury, 
such  as  pounding  or  crushing  by  falling  rock,  and  abrasion,  such 
as  might  result  from  the  use  of  the  tamping  stick  for  consolidating 
the  charge,  greatly  increase  the  rate.  The  results  of  the  bureau's 
experiments  show  most  conclusively  that  the  greatest  care  should  be 


Sulphur 
plug 


Gun  cc30or%  or 
mercury  fkjImJncTe^ 
(l«ot*) 


Figure  29. — Section  of  an  electric 
detonator. 


•  Snelling,  W  O.,  and  Cope,  W.  C,  The  rate  of  burning  of  fuse  as  Influenced  by  tem- 
perature and  pressure:  Technical  Paper  6,  1912,  28  pp. 
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taken  in  the  storage  and  handling  of  fuse  to  prevent  accidents  from 
premature  or  delayed  explosions. 

A  detonator  or  blasting  cap  consists  of  a  copper  cylinder  closed  at 
one  end  and  about  the  diameter  of  an  ordinary  lead  pencil,  into 
which  is  packed  some  dry  mercury  fulminate  and  potassium  chlorate. 
When  used  with  a  safety  fuse,  the  end  of  the  fuse  is  inserted  in  the 
open  end  of  the  copper  cylinder,  which  is  then  crimped  around  the 
fuse  by  the  use  of  suitable  pliers.  Under  no  conditions  should  any- 
thing but  the  proper  tool  be  used  for  this  purpose,  because  the  fulmi- 
nate of  mercury  is  extremely  sensitive  to  very  slight  shocks,  and 
there  is  sufficient  strength  in  a  single  detonator  to  produce  disastrous 
results  if  discharged  accidentally.  In  some  tunnels,  more  especially 
those  in  the  Eastern  States,  the  detonators  are  ignited  directly  by 
an  electric  current.  For  this  purpose  special  electric  detonators  are 
required  in  which  the  fuse  is  replaced  by  two  suitably  insulated  cop- 
per wires  joined  at  the  inside  end  by  a  bridge  of  fine  platinum  or 
other  high-resistance  wire  capable  of  becoming  incandescent  during 
the  passage  of  an  electric  current.  These  are  inserted  in  an  ordinary 
detonator  into  which  some  guncotton  has  previously  been  placed. 
Caps  prepared  in  this  manner  are  called  electric  detonators  and  may 
be  obtained  from  the  manufacturers  with  wires  of  varying  lengths  as 
required. 

Figm'e  29  shows  the  component  parts  of  one  of  these  detonators. 

The  strength  of  detonators  is  determined  by  the  weight  of  mer- 
cury fulminate  they  contain  and  they  are  generally  designated  as 
triple  X,  quadruple  X,  etc. 

The  following  table  shows  the  weights  of  charge  used  in  the 
different  grades : 

Weights  of  charges  used  in  detonators  and  electric  detonators  of  various  grades. 


Weights  of  detonator  charges. 

Weights  of  electric  detonator  charges. 

Cooimercial  grade. 

Weight  of  1 
chaige.     1 

Commercial  grade. 

Weight  of 
charge. 

8X  or  triple 

8.3 
10.0 
12.3 
15.4 
23.1 
30.9 

Single  strength 

OnUnt. 
12.3 

iXorqaadraple 

Double  strength 

15.4 

Triple  strength 

23.1 

6X  <vnztm>ie  ^                     .... 

Quadruple  strength 

30.9 

TXorNo.ar) 

8X  or  No.  30 

The  detonator  chosen  for  blasting  in  tunnel  work  should  be  strong 
enough  to  produce  complete  detonation.  With  "straight"  nitro- 
glycerin dynamite,  3X  caps  were  considered  heavy  enough,  but  with 
gelatin  dynamites  much  stronger  ones  should  be  used,  because  this 
dynamite  is  not  nearly  as  sensitive  (being,  of  course,  safer  to  handle) . 
171W'— Bull.  57—14 ^13 
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The  jellylike  mass  of  the  gelatin  dynamite  also  has  a  tendency  to 
retard  the  explosive  wave  as  it  passes  along  the  bore  hole  and,  there- 
fore, requires  a  much  stronger  initial  explosion  to  carry  the  wave  with 
the  same  force  through  the  entire  length  of  the  charge.  The  leading 
manufacturers  all  recommend  nothing  weaker  than  6X  caps  for 
gelatin  dynamite;  although  5X  caps  have  given  results  that  were 
thought  to  be  sufficiently  satisfactory  at  some  tunnels;  at  others, 
when  a  change  was  made  to  those  of  greater  strength,  the  universal 
experience  has  been  that  the  better  results  more  than  warranted  the 
change,  the  common  report  being  that  "it  pays,"  It  is,  therefore, 
here  recommended  that  nothing  weaker  than  6X  detonators  (or  dou- 
ble-strength electric  detonators)  be  used  with  gelatin  dynamite,  which 
is  practically  the  only  kind  employed  in  tunnel  work.  In  addition  to 
the  less  effective  results  produced  by  the  lower-strength  caps,  the 
composition  of  the  gases  is  greatly  changed  when  detonation  is  not 
complete,  and  unsuspected  and  dangerous  constituents  may  result.  As 
we  have  seen,  with  complete  detonations  the  gases  are  mainly  carbon 
dioxide  and  nitrogen,  with  perhaps  a  small  amount  of  carbon  monox- 
ide. With  incomplete  detonations  a  much  greater  percentage  of  dan- 
gerous carbon  monoxide  is  formed  from  the  nitroglycerin,  and  in 
addition  the  highly  toxic  peroxide  of  nitrogen  is  produced  in  larger 
or  smaller  amounts  according  to  varying  degrees  of  complet^iess  of 
the  reaction. 

LOADING. 

There  has  been  much  discussion  lately  regarding  the  proper  posi- 
tion for  the  primer  (as  the  particular  cartridge  of  dynamite  contain- 
ing the  detonator  is  called)  when  loading  a  blast  hole,  some  arguing 
that  it  should  be  the  last  cartridge  to  be  placed  in  position,  whereas 
others  claim  the  only  proper  place  for  it  is  at  or  near  the  bottom  of 
the  hole.  One  of  the  more  common  arguments  for  placing  it  at  the 
top  instead  of  the  bottom  of  the  hole  is  the  fact  that  by  so  doing 
one  removes  the  danger  of  igniting  the  dynamite  from  the  side  spit- 
ting of  the  fuse,  which  not  only  lessens  the  efficiency  of  the  explosive, 
but  produces  dangerous  gases.  For  it  is  obvious  that  when  the  fire 
in  the  fuse  is  compelled  to  travel  past  the  full  length  of  the  charge, 
there  is  danger  of  the  flame  bursting  through  the  waterproof  cover- 
ing and  igniting  the  powder.  However,  an  expert  connected  with 
one  of  the  leading  explosives-manufacturing  companies  states  that 
gelatin  dynamites  (the  kind  generally  used  in  tunneling)  are  less 
liable  to  be  deflagrated  in  this  manner  than  any  of  the  others.  Never- 
theless, the  objection,  which  is  not  applicable  when  electric  detonators 
are  used,  is  worthy  of  serious  consideration  when  safety  fuse  is 
employed. 
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A  second  argument  in  favor  of  placing  the  cartridge  last  is  the 
fact  that  the  dynamite  charge  is  much  more  apt  to  be  packed  firmly, 
thus  eliminating  air  spaces  which  decrease  the  effectiveness  of  the 
explosive.  For  when  the  primer  is  the  first  or  the  second  cartridge 
in  the  hole,  the  remaining  cartridges  and  especially  the  one  im- 
mediately following  can  not  properly  be  pressed  in  place  with  safety, 
and  air  spaces  are  likely  to  be  left.  This  objection,  of  course,  ap- 
plies equally  to  charges  detonated  by  safety  fuse  or  electricity. 

A  third  argument  is  the  fact  that  the  detonation  of  a  charge  of 
dynamite  in  a  bore  hole  takes  place  in  a  series  of  steps  which  follow 
each  other  with  almost  inconceivable  rapidity  but  are  nevertheless 
distinct^  The  first  of  these  is  the  explosion  of  the  cap,  which  in 
turn  detonates  the  dynamite  in  the  primer  and  causes  what  may 
be  termed  the  primary  explosion,  which  is  in  turn  communicated  to 
the  remainder  of  the  charge.  Although,  by  employing  a  strong  cap, 
the  amount  of  dynamite  detonated  in  the  primary  explosion  can  be 
greatly  increased,  it  can  never  be  large  enough  to  disrupt  the  rock 
completely,  the  greater  force  of  the  secondary  explosion  being  re- 
quired for  this  purpose.  If,  then,  the  cartridge  containing  the 
detonator  is  placed  at  the  bottom  of  the  hole  and  fired,  the  primary 
explosion  consumes  the  dynamite  ineffectually  at  the  bottom  of  the 
hole  where  the  full  force  of  the  blast  should  be  used ;  consequently 
there  is  much  greater  danger  of  losing  the  last  8  or  10  inches  of  the 
round,  with  a  consequent  decrease  in  daily  advance.  It  is  also 
claimed  that  in  placing  the  primer  at  the  bottom,  the  explosion  of 
the  detonator  tends  to  force  a  certain  amount  of  the  charge  from 
the  hole ;  this  contention,  however,  is  debatable.  But  if  the  primer 
is  placed  at  the  top,  the  primary  explosion  does  not  consume  dyna- 
mite that  is  essential,  and  the  full  strength  is  developed  from  the  re- 
maining part  of  the  explosive,  except  in  so  far  as  it  is  influenced 
by  the  previously  mentioned  hindrance  to  the  explosive  wave  caused 
l^  the  use  of  gelatin  dynamite.  And  again,  by  placing  the  primer 
at  the  top,  during  the  primary  explosion  a  certain  amount  of  pres- 
sure is  developed  and  the  remainder  of  the  charge  is,  therefore, 
detonated  under  that  greater  pressure,  hence  its  effectiveness  is  in- 
creased. This  applies  particularly  where  stemming  is  employed, 
and  it  requires  only  2  or  8  inches  of  clay  stemming  to  produce 
the  results.  If  clay  stemming  is  not  used  an  extra  stick  of  dynamite 
placed  on  top  of  the  primer,  which  acts  partly  in  the  same  capacity, 
is  of  great  assistance. 

On  the  other  hand,  it  is  claimed  that  when  the  primer  is  placed 
on  top  of  the  charge  the  collar  of  the  hole  is  apt  to  be  knocked  off 
by  the  explosion  of  a  neighboring  charge.  There  is  some  question 
as  to  whether  this  really  would  happen,  but  if  it  did  it  would  be  a 
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very  strong  indication  either  that  the  hole  was  misplaced  or  was 
too  heavily  loaded ;  for,  as  some  one  has  said,  ^^  certainly  the  collar 
of  a  hole  is  no  place  for  dynamite.''  And  as  to  the  objection  that 
when  the  primer  is  placed  at  the  top  the  fuse  is  liable  to  be  torn  out 
by  flying  roc^s,  the  remedy  is  a  very  simple  one — ^that  of  coiling  the 
fuse  carefully  close  up  to  the  hole.  And,  finally,  if  the  wave  does 
not  travel  with  enough  force  to  the  bottom  of  the  hole,  the  matter 
can  be  remedied  by  the  use  of  a  strong  detonator  or  by  employing 
a  higher  grade  of  explosive,  which  would  have  the  double  effect  of 
producing  a  greater  primary  explosion  and  of  lessening  the  length 
of  the  charge,  because  less  explosive  would  be  required. 

In  view  of  the  several  considerations  outlined  above,  it  would 
appear  that  the  primer  should  be  placed  at  or  very  near  the  top  of 
the  charge.  It  is  clearly  recognized  by  the  authors  that,  in  some 
sections  of  the  country  at  least,  miners  are  accustomed  to  place  the 
primer  at  the  bottom.  But  it  does  not  necessarily  follow  that  a 
practice  is  correct  because  the  miners  so  consider  it,  for  many  of 
them  also  think  that  dynamite  exerts  a  greater  influence  downward 
than  in  any  other  direction. 

The  use  of  stemming  in  tunnel  work  is  also  a  mooted  question. 
When  low  explosives,  such  as  biasing  powder,  having  a  slow  rate 
of  explosion  are  employed  stemming  is,  of  course,  absolutely  essential 
for  confining  the  gases  long  enough  for  their  full  strength  to  become 
effective.  But  with  dynamite,  whose  detonation  is  extremely  rapid, 
almost  instantaneous,  many  persons  believe  that  stemming  is  not 
required,  and  this  belief  appears  to  be  warranted  by  the  results 
obtained  without  its  use.  A  possible  explanation  for  this  is  the  fact 
that  in  tunnel  work  the  holes  are  generally  overloaded  and  hence 
the  pressure  produced  by  the  extra  few  inches  of  dynamite  charge 
tends  to  confine  the  gases  generated  by  the  remaining  and  effective 
part  of  the  charge^  which  is,  of  course,  also  the  function  of  stem- 
ming. Another  probable  reason  is  that  the  inertia  of  the  column 
of  air  in  the  bore  hole  acts  as  an  incomplete  substitute  for  stemming 
of  some  more  solid  material.  This  can  be  demonstrated  by  the  effect 
produced  by  exploding  uncovered  dynamite  on  some  flat  surface  in 
the  open,  and  this  effect  doubtless  has  given  rise  to  the  belief  that 
dynamite  exerts  more  force  downward  than  in  any  other  direction. 
It  is  unanimously  agreed,  however,  by  experts  who  have  studied  the 
subject  that  better  results  can  be  obtained  from  any  properly  loaded 
hole  when  more  substantial  stenmiing  is  employed.  The  quantity 
of  stemming  required  depends,  of  course,  upon  the  rate  of  detona- 
tion of  the  explosive.  With  black  blasting  powder  it  may  be  neces- 
sary to  fill  nearly  all  the  remainder  of  the  hole  in  order  that  the 
stemming  may  not  be  forced  out  before  the  reaction  is  complete  and 
the  full  strength  of  the  gases  produced ;  but  with  ordinary  charges 
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of  gel&tin  dynamite  2  to  6  inches  of  well-packed  clay  stemming  will 
in  most  eases  be  folly  sufficient. 

The  use  of  stemming  in  tunnel  work  has  several  disadvantages. 
In  the  opinion  of  many,  if  indeed  not  a  majority,  of  tunnel  men 
they  more  than  counterbalance  any  gain  in  efficiency  of  explosive 
from  its  use.  In  the  first  place  it  causes  delay  in  loading  the  holes  at 
a  time  when  every  minute  is  precious.  Again,  the  majority  of  miners, 
and  especially  those  in  the  Western  States,  are  strongly  biased  against 
it,  and  anyone  who  has  tried  to  overcome  one  of  their  prejudices 
will  appreciate  the  difficulty  that  would  be  experienced  in  getting 
them  to  use  stemming,  although,  of  course,  if  stenmiing  were  abso- 
lutely essential  to  good  results,  mere  prejudice  on  the  part  of  any- 
one should  not  be  allowed  to  stand  in  the  way  of  its  adoption ;  still, 
as  this  is  not  the  case,  the  wishes  of  the  miners  are  usually  deferred 
to.  But  a  m(»«  serious  disadvantage  of  the  use  of  clay  or  similar 
material  for  stemming  is  the  danger  attending  its  removal  from  a 
missed  hole,  one  of  the  most  prolific  sources  of  accident  in  tunnel 
work.  But  if  the  stenmiing  consists  of  an  extra  stick  of  dynamite, 
as  is  usual  in  tunnel  work,  the  simple  insertion  of  a  primer  on  top 
of  the  unexploded  charge  is  all  that  is  needed  to  prepare  the  hole  for 
refiring.  For  these  reasons,  then,  although  clay  stemming  is  essential 
m  a  bore  hole  that  is  not  overloaded,  for  tunnel  work  in  which  it  is 
customary  to  use  more  rather  than  less  "  powder  "  than  is  required,  it 
is  not  so  necessary  that  clay,  sand,  or  similar  stemming  be  employed. 

Another  thing  to  be  considered  in  connection  with  the  loading  of 
a  blast  hole  is  the  necessity  of  having  the  dynamite  properly  thawed. 
Thawing  is  required  not  only  because  of  due  regard  for  the  safety 
of  the  men  (which  alone  should  be  more  than  sufficient),  but  also 
because  frozen  dynamite  can  not  be  properly  packed  in  the  hole,  and 
air  spaces  can  not,  therefore,  be  avoided,  and  because  frozen  dynamite 
does  not  develop  its  full  strength  on  detonation,  so  that  there  is  a 
decided  loss  in  effectiveness. 

It  is  desirable  that  the  cartridges  have  as  nearly  as  possible  the 
same  diameter  as  the  drill  hole,  and  that  they  be  slit  (carefully,  of 
coarse)  along  the  side  with  a  sharp  knife  just  before  they  are  placed 
in  the  hole.  Slitting  enables  the  explosive  to  conform  to  any  irregu- 
larities in  the  shape  of  the  hole.  The  position  of  the  detonator  in  the 
priming  cartridge  deserves  attention  also.  Experiments  have  shown 
that  the  maximum  force  from  a  detonator  is  developed  in  the  direc- 
tion of  its  length.  For  this  reason  the  detonator  should  be  inserted 
into  the  end  of  the  cartridge  and  not  obliquely  in  one  side^  as  is  often 
done  in  tunnel  work.  Nor  should  the  fuse  project  into  or  be  laced 
through  the  cartridge  because  of  danger  of  setting  fire  to  the  cart- 
ridge instead  of  detonating  it  properly  with  the  cap. 
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FIRING. 

When  the  number  of  holes  to  be  fired  is  large,  the  work  of  lighting 
the  fuses  is  generally  done  by  two  men,  but  when  there  are  only  a  few 
holes  in  the  round  one  man  is  sufficient.  If  two  men  do  this  work, 
it  is  customary  for  each  man  to  light  the  fuse  of  a  corresponding  hole 
(for  example,  opposite  cut  holes)  at  the  same  time,  each  calling  out 
the  hole  as  he  lights  it.  The  actual  ignition  of  the  fuse  (which  should 
be  closely  coiled  and  the  free  end  split  for  one-half  to  three- fourths  of 
an  inch  to  expose  the  powder  train)  is  accomplished  in  various  ways. 
At  some  places  a  candle  is  used  and  at  others  an  acetylene  lamp.  The 
much  better  practice,  however,  is  to  use  what  is  called  a  "spitter"; 
that  is,  a  short  piece  of  fuse  that  has  been  slashed  and  partly  severed 
at  regular  intervals  of  perhaps  one-half  inch  so  as  to  expose  the 
powder  train.  When  the  end  of  a  spitter  is  ignited,  the  fire  travels 
along  the  spitter,  and  as  it  reaches  one  of  the  cuts  it  spits  violently 
out  of  the  side;  if  the  spit  is  directed  toward  a  fuse  it  is  almost 
certain  to  cause  proper  ignition.  Each  fuse  should  be  ignited  sepa- 
rately, and  no  attempt  should  be  made,  as  it  sometimes  is,  to  bunch 
several  and  ignite  them  all  at  once.  When  it  is  necessary  to  protect 
the  ends  of  the  fuse  from  water,  an  empty  powder  box  may  be 
employed. 

In  extremely  wet  tunnels  it  is  sometimes  necessary  to  use  a  fuse 
igniter.  One  form  of  igniter  that  has  given  good  results  at  a  num- 
ber of  places  consists  of  a  short  cylinder  of  celluloid,  closed  at  one 
end  and  having  the  same  inside  diameter  as  that  of  the  outside  of 
standard  fuse,  and  containing  a  small  quantity  of  gunpowder  or 
similar  explosive.  In  use  the  open  end  is  slipped  over  the  free  end  of 
the  fuse,  which,  instead  of  being  split,  is  cut  square.  The  igniter  fits 
the  fuse  tightly  enough  to  be  held  in  place  by  friction.  When  being 
lighted  the  igniter  is,  of  course,  protected  from  dropping  water,  and 
the  celluloid  is  set  on  fire  by  a  candle  or  other  flame;  as  the  igniter 
is  unaffected  by  mere  dampness,  it  bums  until  the  powder  charge  is 
reached,  when  the  flash  seldom  fails  to  start  the  fuse.  These  igniters 
are  not  expensive  and  are  exceedingly  useful  in  wet  work. 

When  ordinary  electric  detonators  are  employed,  the  only  opera- 
tions required  are  those  of  connecting  the  wires  and  passing  a  cur- 
rent through  them  by  closing  an  electric-light  circuit,  or  by  generat- 
ing a  current  in  a  so-called  "battery"  which  consists  of  a  hand- 
operated  magneto  or  dynamo.  All  the  holes  so  connected  are 
exploded  simultaneously,  the  chief  and  most  serious  disadvantage 
of  electric  firing  for  tunnel  work.  As  has  been  mentioned,  blast- 
ing in  tunnel  headings  to  be  effective  must  take  place  in  several 
steps — the  cuts  first,  followed  by  the  relievers,  backs,  sides,  and 
lifters.    Therefore,  with  electric  blasting,  although  it  has  the  ad- 
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vantage  of  shooting  the  cuts  simultaneously,  it  is  necessary  for  some 
one  to  return  to  the  heading  and  connect  the  wires  leading  to 
the  charges  in  the  holes  to  be  fired  in  each  of  the  succeeding  steps; 
and  as  some  time  must  always  be  allowed  in  order  to  permit  the 
smoke  to  clear,  and  oftentimes  no  little  shoveling  is  required  to 
uncover  wires  that  have  been  buried  by  a  previous  round,  blasting 
a  round  in  this  manner  takes  much  more  time. 

To  overcome  this  defect,  manufacturers  of  blasting  supplies  are 
trying  to  perfect  a  delay-action  detonator*  which  resembles  an  ordi- 
nary electric  detonator  except  that  the  platinum  bridge,  instead  of 
directly  igniting  the  mercury  fulminate,  sets  fire  to  a  short  train 
of  gunpowder,  so  that  an  appreciable,  although  short  time  elapses  be- 
fore the  flame  reaches  the  detonating  part.  By  making  the  powder 
train  of  two  different  lengths  two  delays  are  obtained,  so  that  if  the 
special  detonators  be  used  in  connection  with  a  detonator  not  con- 
taining a  powder  train,  the  blasting  can  be  performed  in  three 
stages  from  a  single  connection  of  the  wires  and  from  only  one 
closure  of  an  electric  current.  When  these  devices  ".re  used  in 
tunnel  work  an  instantaneous  detonator  is  usually  placed  in  the  cut 
holes,  a  "  first  delay  "  in  the  relievers,  and  the  "  second  delay  "  in 
the  remaining  holes.  Unfortunately,  the  special  detonators  have 
not  as  yet  been  perfected  for  more  than  two  delays,  and  this  limita- 
tion has  undoubtedly  prevented  their  more  extensive  use  in  tunnel 
headings.  For  such  blasting  three  stages  hardly  give  satisfactory 
results,  because  a  fourth  stage  is  essential  for  the  lifters,  whose 
function  is  to  throw  the  material  broken  by  the  other  holes  from 
the  immediate  front  of  the  new  face.  Moreover,  with  the  horizontal- 
bar  mounting,  a  fifth  step  is  also  desirable  in  order  to  permit  one 
lifter  to  go  off  after  the  others  and  throw  the  material  away  from 
that  side  of  the  tunnel  where  the  capstan  end  of  the  bar  is  to  be 
placed,  so  as  to  afford  plenty  of  room  for  the  jack  bar  and  to  permit 
it  to  be  screwed  tightly  in  place. 

However,  the  delay-action  electric  detonators  that  are  now  found 
on  the  market  permit  the  blasting  to  be  conducted  in  almost  any 
number  of  steps  that  may  be  required.  Like  the  ordinary  electric 
detonators,  they  consist  of  a  platinum  wire  bridge  inclosed  in  a  metal 
cylinder  by  a  waterproof  composition.  In  the  other  end  of  the 
cylinder  (which,  instead  of  being  closed  and  containing  mercury 
fulminate,  is  left  open)  a  short  section  of  ordinary  safety  fuse  is 
inserted,  crimped  in  place,  and  the  joint  waterproofed.  An  ordinary 
blasting  detonator  is  placed  on  the  outer  end  of  this  piece  of  fuse  and 
an  electric  current  is  passed  through  the  wires  leading  to  the  plati- 
num bridge,  when  the  fuse  takes  fire  and  bums  until  it  ignites  the 
detonator.  By  making  the  pieces  of  fuse  inserted  in  the  blasting 
caps  of  different  lengths,  any  desired  number  of  delays  may  be 
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obtained  from  one  connection  of  the  wires  and  one  closure  of  the 
electric  current.  This  device,  therefore,  overcomes  the  one  great 
disadvantage  of  electric  firing. 

Chief  among  the  advantages  of  electric  firing  is  the  certainty  of 
detonating  all  of  the  cut  holes  simultaneously.  Although,  of  course, 
if  two  holes  are  connected  they  may  explode  as  one,  it  is  impossible 
to  make  several  pairs  of  cut  holes — in  a  wedge  cut,  for  example — 
explode  together  when  fuse  firing  is  employed.  There  will  always 
be  enough  variation  in  the  rate  of  burning  of  the  fuse  to  prevent  it, 
no  matter  how  exactly  the  lengths  of  the  fuses  are  cut.  But  when 
the  cut  holes  are  detonated  simultaneously,  as  can  be  done  with 
electric  firing,  each  can  assist  the  other,  with  a  resulting  increased 
effectiveness  from  the  explosive.  It  is,  of  course,  true  that  holes 
fired  on  the  first  and  second  delays  can  not  be  made  to  detonate 
absolutely  at  the  same  instant,  even  with  electric  delay-action  detona- 
tors; but  this  is  not  essential,  as  the  work  of  the  succeeding  holes  does 
not  approximate  that  of  the  cuts. 

Another  advantage  of  electric  firing  is  the  absence  of  smoke  and 
dangerous  gases  caused  by  the  burning  of  fuse.  A  large  percentage 
of  these  gases  is  carbon  monoxide,  as  is  shown  by  the  following 
analysis  of  gases  obtained  from  burning  fuse.® 

Analysis  of  gases  produced  by  the  burning  of  fuse, 

[A.  L.  Hyde,  analyst.] 

Per  cent. 

Hydrogen  sulphide 0.8 

Carbon  dioxide 32.7 

Oxygen 1. 4 

Carbon  monoxide 23.4 

Hydrocarbons 4. 1 

Nitrogen 23.  8 

Hydrogen 13.8 

100.0 
STORING. 

The  place  used  for  the  storage  of  explosives  should  be  substan- 
tially constructed,  well  ventilated,  protected  as  much  as  possible  from 
fire  or  lightning,  and  should  be  kept  locked  to  prevent  the  entrance 
of  children  or  other  irresponsible  persons.  At  mines  or  quarries 
the  ideal  magazine  is,  of  course,  one  of  cement  or  of  brick,  but  at 
most  tunnels,  where  the  work  is  usually  of  a  somewhat  temporary 
character,  the  cost  of  such  a  building  is  not  always  justified;  the 
dynamite  is  stored  usually  in  a  short  drift  in  the  side  of  the  hill  or 

•  BnelUng,  W.  O.,  and  Cope,  W.  C,  The  rate  of  burning  of  fuse  as  Inflaenced  by 
temperature  and  pressure :  Technical  Paper  6,  Bureau  of  Mines,  1912,  p.  8. 
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in  a  log  house.  If  neither  of  these  can  be  obtained,  a  frame  house 
will  answer  the  purpose,  although  of  course  not  as  well.  When  a 
house  is  used,  it  should  always  be  covered  with  corrugated  iron  or 
some  similar  fireproof  material  and  care  should  be  taken  to  remove 
any  small  sticks  and  grass  from  immediately  around  it.  If  con- 
siderable quantities  of  explosive  are  to  be  stored,  the  magazine 
should  be  situated  at  some  distance  from  the  rest  of  the  work,  and 
in  every  case  the  powder  should  be  kept  far  enough  from  the  tunnel 
buildings  to  prevent  serious  damage  to  them,  or  to  the  persons  work- 
ing in  them,  in  the  event  of  an  accidental  explosion.  Obviously, 
dynamite  should  not  be  stored  near  a  dwelling. 

M.ore  than  one  kind  of  explosive,  as,  for  example,  black  blasting 
powder  and  dynamite,  should  not  be  stored  together,  but  there  is  no 
particular  objection  to  the  storage  of  different  grades  of  the  same 
kind  of  dynamite  in  the  same  building,  except  the  possibility  of 
confusion  that  might  result  from  such  a  practice.  Detonators,  electric 
detonators,  and  fuse  should  under  no  circumstances  be  stored  in 
the  same  building  with  dynamite,  nor  should  the  operation  of  placing 
caps  on  safety  fuse  be  conducted  at  or  near  the  magazine  or  thaw 
house.  Tools  should  never  be  permitted  inside  of  the  magazine,  nor 
should  the  boxes  of  dynamite  be  opened  there.  The  floor  of  the 
magazine  should  always  be  constructed  of  wood,  and  it  should  always 
be  kept  free  from  grit  and  dirt. 

THAWING. 

Most  dynamite  freezes  at  a  temperature  of  45°  to  60°  F.,  and  if 
it  is  sulijected  to  such  temperatures  it  must  be  thawed  before  it  can 
be  used.  In  tunnel  work  dynamite  is  generally  thawed  by  spreading 
the  sticks  on  shelves  in  a  warm  room  or  small  building,  separate  and 
preferably  somewhat  removed  from  the  main  magazine.  If  the 
power  for  the  tunnel  work  is  derived  from  a  steam  plant,  the  waste 
steam  is  very  often  used  to  heat  the  thaw  house.  In  this  case,  how- 
ever, it  is  very  essential  that  the  steam  coils  be  boxed  or  screened  in 
such  a  way  that  it  wUl  be  impossible  for  a  stick  of  dynamite  to  fall 
upon  a  steam  pipe,  as  a  serious  explosion  might  result.  Nor  should 
the  pipes  be  so  placed  that  any  nitroglycerin  exuding  from  the  car- 
tridges can  fall  upon  them.  As  most  thaw  houses  are  insulated  from 
the  cold  by  having  double  walls  or  high-banked  earth  against  the 
sides,  only  a  little  heat  is  required  to  keep  them  warm ;  if  electricity 
is  available,  a  cluster  of  incandescent  bulbs  is  often  used  for  heating, 
with  good  results.  At  other  tunnels  a  special  heater  was  observed, 
which  was  composed  of  one  or  more  coils  of  iron  or  other  high-resist- 
ance wire  stretdhed  between  insulators  on  a  suitable  framework, 
usually  of  wood.    When  a  heater  of  this  type  is  employed  it  must  be 
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protected  from  the  danger  of  a  stick  of  dynamite  lodging  upon  the 
wires,  because  they  are  generally  hotter  even  than  steam  coils  (a  red 
glow  being  not  uncommon),  and  hence  there  is  much  greater  danger 
of  explosion  from  this  source. 

At  one  of  the  tunnels  visited  an  unprotected  heater  of  this  type 
was  employed,  and  when  comment  was  made  upon  the  fact  that 
there  was  no  protection,  reply  was  made  that  this  condition  was 
intentional.  The  reason  given  was  that  any  person  entering  the 
thaw  house  was  supposed  to  turn  off  the  current  by  means  of  a  switch 
provided  for  that  purpose,  and  that  the  knowledge  that  the  coil  was 
not  protected  would  make  the  men  more  careful  to  see  that  this  was 
done.  Such  reasoning  is  all  right  as  far  as  it  goes,  but  it  does  not 
provide  for  the  contingency  of  a  stick  of  powder  falling  off  the 
shelves  when  no  one  is  in  the  building,  nor  is  the  thaw  house  safe 
for  some  little  time,  even  after  the  wires  have  been  disconnected,  as 
they  do  not  cool  off  instantly.  Taken  in  connection  with  the  fact 
that  this  particular  thaw  house  was  only  a  short  distance  from  the 
tunnel  portal,  that  it  had  no  lock,  and  that  all  timber  and  other  tun- 
nel supplies  had  to  be  hauled  past  it,  the  situation  should  have  been 
marked,  in  the  language  of  insurance,  "  extra  hazardous."  That  it 
did  not  occasion  some  accident  during  the  period  of  its  use  is  truly 
marvelous. 

PRECAUTIONS. 

Carelessness  in  the  use  of  explosives  is  one  of  the  prime  causes  of 
accidents  in  tunneling;  it  follows,  therefore,  that  every  care  should 
be  taken  in  their  handling.  Although  the  following  list  of  precau- 
tions, compiled  from  a  number  of  sources,  is  not  claimed  to  be  com- 
plete, it  is  given  here  in  the  hope  that  it  may  once  more  repeat  some 
of  the  precautions  to  be  observed  in  the  handling  and  use  not  of 
dynamite  alone  but  of  the  accessories  of  blasting  as  well. 

HANDLING. 

Don't  forget  the  nature  of  explosives,  but  remember  that  with 
proper  care  they  can  be  handled  with  comparative  safety. 

Don't  smoke  while  handling  explosives,  and  don't  handle  explosives 
near  an  open  light. 

Don't  shoot  into  explosives  with  a  rifle  or  pistol,  either  in  or  out 
of  a  magazine. 

Don't  attempt  to  manufacture  any  kind  of  explosive  except  under 
the  supervision  and  direction  of  a  trustworthy  person  who  is  skilled 
in  the  art.  Many  serious  accidents,  which  have  destroyed  lives  or 
inflicted  injury  on  persons  and  property,  have  been  caused  by  such 
attempts. 
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Don't  carry  blasting  caps  or  electric  detonators  in  the  clothing. 

Don't  tap  or  otherwise  investigate  a  blasting  cap  or  electric  deto- 
nator. 

Don't  attempt  to  take  blasting  caps  from  the  box  by  inserting  a 
wire,  nail,  or  other  sharp  instrument 

Don*t  try  to  withdraw  the  wires  from  an  electric  detonator. 

BTOBINQ. 

Don't  leave  explosives  in  a  wet  or  damp  place.  They  should  be 
kept  in  a  suitable,  dry  place,  under  lock  and  key,  and  where  children 
or  irresponsible  persons  can  not  get  at  them. 

Don't  store  dynamite  cartridges  on  end,  as  this  increases  the 
danger  of  nitroglycerin  leaking. 

Don't  store  or  handle  explosives  near  a  residence. 

Don't  open  packages  of  explosives  in  a  magazine. 

Don't  open  dynamite  boxes  with  a  nail  puller  or  powder  cans  with 
a  pickax. 

Don't  store  or  transport  detonators  and  explosives  together. 

Don't  store  fuse  in  a  hot  place,  as  this  may  dry  it  out  so  that  uncoil- 
ing will  break  it. 

Don't  keep  electric  detonators,  blasting  machines,  or  blasting  caps 
in  a  damp  place. 

Don't  allow  priming  (the  placing  of  a  blasting  cap  or  electric 
detonator  in  dynamite)  to  be  done  in  a  thawing  house  or  magazine. 

THAWING. 

Don't  use  frozen  or  chilled  explosives.  Most  dynamite  freezes  at 
a  temperature  between  45°  and  60°  F. 

Don't  thaw  dynamite  on  heated  stoves,  rocks,  sand,  bricks,  or 
metal,  or  in  an  oven,  and  don't  thaw  dynamite  in  front  of,  near,  or 
over  a  steam  boiler  or  fire  of  any  kind. 

Don't  take  dynamite  into  or  near  a  blacksmith  shop  or  near  a 
forge. 

Don't  put  dynamite  on  shelves  or  anything  else  directly  over  steam 
or  hot-water  pipes  or  other  heated  metal  surface. 

Don't  cut  or  break  a  dynamite  cartridge  while  it  is  frozen,  and 
don't  rub  a  cartridge  of  dynamite  in  the  hands  to  complete  thawing. 

Don't  heat  a  thaw  house  with  pipes  containing  steam  under 
pressure. 

Don't  place  a  "  hot- water  thawer  "  over  a  fire,  and  never  put  dyna- 
mite directly  into  hot  water  or  allow  it  to  come  in  contact  with  steam. 

LOADING. 

Don't  allow  thawed  dynamite  to  remain  exposed  to  low  tempera- 
lure  before  using  it  If  it  freezes  again  before  it  is  used  it  must  be 
thawed  again. 
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Don't  fasten  a  blasting  cap  to  the  fuse  with  the  teeth  or  by  flatten- 
ing it  with  a  knife ;  use  a  cap  crimper.  The  ordinary  cap  contains 
enough  fulminate  of  mercury  to  blow  a  man's  head  or  hand  to  pieces. 

Don't  "  lace  "  fuse  through  dynamite  cartridges.  This  practice  is 
frequently  responsible  for  the  burning  of  the  charge. 

Don't  explode  a  charge  to  chamber  a  hole  and  then  immediately 
reload  it,  as  the  bore  hole  will  be  hot  and  the  second  charge  may 
explode  prematurely. 

Don't  force  a  primer  into  a  bore  hole. 

Don't  do  tamping  with  iron  or  steel  bars  or  tools.  Use  only  a 
wooden  tamping  stick  with  no  metal  parts. 

Don't  handle  fuse  carelessly  in  cold  weather,  for  when  it  is  cold 
it  is  stiff  and  breaks  easily. 

Don't  cut  the  fuse  short  to  save  time.    It  is  dangerous  economy. 

Don't  worry  along  with  old  broken  leading  wire  or  connecting 
wire.  A  new  supply  will  not  cost  much  and  will  pay  for  itself  many 
times  over. 

FISINO. 

Don't  explode  a  charge  before  everyone  is  well  beyond  the  danger 
line  and  protected  from  flying  d6bris.  Protect  the  supply  of  explo- 
sives also  from  this  source  of  accident. 

Don't  hurry  in  seeking  an  explanation  for  the  failure  of  a  charge 
to  explode. 

Don't  drill,  bore,  or  pick  out  a  charge  that  has  failed  to  explode. 
Drill  and  charge  another  bore  hole  at  least  2  feet  from  the  missed  one. 

MUCKING. 
NUMBER  OF  MEN. 

The  number  of  men  in  the  crew  that  removes  the  rock  broken  in 
blasting  exerts  an  important  influence  upon  the  speed  at  which  the 
tunnel  can  be  advanced.  If  the  vertical  column  or  the  drill  carriage 
is  employed  and  the  remainder  of  the  work  can  not  proceed  until  the 
heading  is  cleared,  every  minute  saved  at  this  work  can  be  trans- 
muted directly  into  progress;  and  although  with  the  horizontal-bar 
system,  nearly  all  of  the  mucking  is  done  simultaneously  with  the 
drilling,  and  the  heading  can  ordinarily  be  cleared  by  the  time  the 
drillers  have  finished  the  upper  round  of  holes,  still  if  the  crew  of 
shovelers  is  not  large  enough  to  accomplish  this  promptly,  the  delay 
is  serious.  In  any  event  it  is  ess^itial  for  rapid  progress  that  the 
muck  be  removed  as  speedily  as  possible,  as  there  are  always  a  great 
number  of  little  things  to  be  done  by  the  shovelers,  even  after  the 
main  work  of  loading  the  d6bris  has  been  accomplished.    Further, 
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it  is  obvious  that  the  removal  of  the  muck  in  the  shortest  space  can  be 
accomplished  only  by  a  nice  adjustment  to  conditions  and  the  employ- 
ment of  the  exact  number  of  laborers  proper  for  the  purpose;  for  it 
must  be  remembered  that  the  space  in  the  tunnel  heading  is  most  re- 
stricted, and  if  too  many  men  attempt  to  work  there  simultaneously 
they  wiU  so  seriously  interfere  with  one  another  as  to  offset 
any  possible  gain  from  the  employment  of  the  extra  men.  On  the 
other  hand,  if  too  few  men  are  at  work  it  will  be  impossible  for  them 
to  remove  the  debris  within  the  time  allowable.  Analysis  of  the 
most  satisfactory  practice  at  a  number  of  tunnels  shows  that,  under 
the  conditions  prevailing  in  the  heading,  a  man  shoveling  requires 
2^  to  3  feet  of  floor  space.  That  is,  for  a  tunnel  10  feet  wide  not  more 
than  four  shovelers  should  be  used  simultaneously,  whereas  not  more 
than  two  men  can  work  to  advantage  side  by  side  in  a  6-foot  heading. 
In  addition  to  these,  however,  it  is  desirable  to  have  a  man  or  two  at 
work  picking  down  the  rock  pile  in  front  of  the  shovelers,  loosening 
bowlders,  assisting  in  the  handling  of  the  cars,  or  doing  any  of  the 
many  other  things  that  make  for  speed  in  loading  the  muck.  Accord- 
ingly, at  tunnels  6  to  10  feet  wide  the  proper  number  of  men  in  the 
mucking  crew  ranges  from  three  to  eight. 

At  the  LfOetschberg  and  other  of  the  European  tunnels  two  sets 
of  muckers  were  employed,  one  of  which  would  rest  while  the  other 
was  engaged  in  loading  the  car.  This  course  was  thought  to  be  con- 
ducive to  greater  speed,  because  the  men  could  work  much  harder  for 
the  few  minutes  it  took  to  load  a  car  if  they  had  an  equal  time  to 
rest  during  the  loading  of  the  next  one.  There  is  little  doubt  that 
this  is  true  or  that  the  heading  can  be  cleared  sooner  when  such  a 
method  is  used,  but  because  of  the  higher  cost  of  labor  in  this  coun- 
try, especially  in  the  Western  States,  it  is  greatly  to  be  questioned 
.  whether  the  gain  would  be  sufficient  to  make  such  procedure  profit- 
able. At  the  Loetschberg  Tunnel  the  shovelers  receive  a  daily  wage 
of  80  cents  •  as  compared  with  the  $3  or  $3.50  for  like  work  in  the 
western  part  of  the  United  States,  so  that  a  double  crew  of  only  five 
shovelers  (similar  to  those  of  the  Loetschberg  Tunnel)  would  entail 
in  this  country  an  extra  cost  of  $15  to  $17.50  per  shift,  as  compared 
with  $4  in  Europe.  As  the  advance  per  shift  in  America  rarely  ex- 
ceeds 7.5  feet,  the  extra  cost  of  the  double-crew  system  would  amount 
to  at  least  $2  per  foot  of  tunnel  driven.  This  would  be  justified  only 
if  it  obviated  a  corresponding  delay,  although  even  in  that  event  the 
question  could  properly  be  raised  whether  a  change  or  adjustment  in 
some  other  phase  of  the  work  was  not  the  better  solution. 

•  Sannden,  W.  L.,  Tunnel  driving  In  the  Alps:  Bull.  Am.  Inst.  Min.  Eng.,  July,  1011, 
p.  532. 
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POSITIONS  OF  WOEKINO. 

The  advantage  of  giving  the  men  a  rest  from  the  grind  of  steady 
shoveling  can  be  obtained  without  the  necessity  of  extra  laborers  by 
changing  their  positions  regularly  according  to  the  system  in  use  at 
several  of  the  tunnels  visited  by  the  authors.  At  the  Laramie-Poudre 
Tunnel,  where  one  of  the  best  examples  of  this  method  was  observed, 
the  six  muckers  worked  according  to  the  following  cycle  of  opera- 
tions: As  soon  as  a  car  (1)  was  filled  with  waste  two  shovelers,  who 
will  be  designated  as  A  and  B,  took  it  at  once  to  the  rear,  while  two 
other  shovelers,  C  and  D,  jumped  to  an  empty  car  (2)  near  by  (which 
had  previously  been  thrown  off  the  track  on  its  side) ,  set  it  upri^t  on 
the  track  and  pushed  it  into  a  position  to  be  filled.  In  the  meantime 
the  remaining  two,  E  and  F,  stopped  picking  down  the  rock  pile, 
took  the  shovels  left  by  A  and  B,  and  started  at  once  to  assist  C  and 
D  in  filling  car  2.  Another  car  (3)  was  then  brought  up  by  A  and  B 
as  near  as  possible  to  the  car  (2)  being  filled,  and  was  thrown  off  the 
track  on  its  side  in  the  position  formerly  occupied  by  the  sec(md  car. 
A  and  B  then  picked  down  the  rock  pile  for  the  other  four  during  the 
remainder  of  the  time  consimied  in  loading  car  2.  When  filled  this 
car  was  r^noved  by  C  and  D,  while  E  and  F  set  up  the  third  car 
and  filled  it  with  the  assistance  of  A  and  B.  The  fourth  empty  car 
was  meanwhile  brought  up  by  C  and  D,  who  then  took  their  turn  at 
picking  down,  and  the  cycle  was  compl^^d  when  E  and  F  took  the 
third  loaded  car  to  the  rear,  returning  with  another  empty,  and  then 
resumed  their  original  position  on  the  muck  pile.  It  will  be  seen  that 
by  this  method  every  man  spent  at  least  one-third  of  the  time  in 
tramming  or  picking  down  the  rock  pile,  either  operation  being  easier 
work  than  that  of  shoveling,  and  amounting  virtually  to  a  rest  which, 
although  perhaps  not  as  complete  as  if  no  work  at  all  had  been  done 
during  that  period,  was  still  sufficient  to  relieve  greatly  the  hard 
monotony  of  shoveling. 

The  regularity  and  mechanical  exactness  of  procedure  with  this 
system  is  a  still  more  important  advantage.  Each  man  soon  learns 
precisely  what  is  expected  of  him  for  eadi  step  of  the  operation  and 
hence  there  is  absolutely  no  confusion,  no  lost  motion.  There  is 
rarely  any  occasion  for  the  f(»-eman  to  give  an  order  to  the  men 
except  under  unusual  circumstances,  and  in  consequence  he  does  not 
acquire  the  habit  of  shouting  at  the  men  constantly,  an  unfortunate 
phase  of  this  work  only  too  noticeable  at  some  of  the  tunnels  visited ; 
nor,  on  the  other  hand,  do  the  men  form  the  time- wasteful  habit  of 
running  to  him  for  guidance  in  every  minor  contingency  that  arises. 
The  statement  that  the  little  things  make  for  success  is  not  claimed 
as  original,  but  it  can  nowhere  apply  better  than  in  planning  the 
utmost  work  attainable  in  the  limited  space  of  a  tunnel  heading;  in- 
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deed,  this  seeming  detail  of  eliminated  friction  and  confusion  war- 
rants and  deserves  the  most  serious  consideration. 

In  addition  to  advantages  in  organization,  the  speed  attainable 
with  this  method  leaves  little,  if,  indeed,  anything,  to  be  desired. 
Cars  of  16-cubic  foot  capacity  were  filled  at  the  Laramie-Poudre  Tun- 
nel ordinarily  in  three  or  four  minutes,  and  on  one  occasion  (which, 
however,  was  somewhat  exceptional,  as  the  men  realized  that  they 
were  being  timed)  only  one  minute  and  thirty  seconds  was  needed. 
At  the  Rawley  Tunnel,  where  a  similar  system  was  used  with  only 
four  muckers,  25  cars,  having  a  capacity  of  17  cubic  feet,  were  filled 
in  exactly  2  hours,  and  on  a  different  shift  20  cars  were  loaded  in  1 
hour  and  45  minutes.  These  figures  are  from  an  accurately  timed 
record  kept  by  one  of  the  authors.  The  usual  time  required  for  muck- 
ing at  the  Rawley  Tunnel  is  not  far  from  the  average  of  these  figures 
(which  include  all  ordinary  delay  incident  to  making  the  cars  up  into 
trains),  a  value  somewhat  less  than  six  minutes  per  cubic  yard  of  rock 
loaded.  This  does  not  suffer  by  comparison  with  the  Loetschberg 
Tunnel,  where  five  minutes  was  required  to  fill  a  cubic-meter  car  (35.5 
cubic  feet)*  by  a  crew  of  10  men,  with  an  extra  minute  to  remove  it 
when  full  and  replace  it  with  an  empty  one. 

HANDLING  CARS. 

The  method  of  handling  the  tunnel  cars  is  still  another  detail  of 
consequence  in  the  operation  of  mucking.  One  of  the  most  common 
arrangements  is  to  have  them  trammed  from  the  face  by  hand  to  a 
siding  or  switch  where  they  are  made  up  into  trains  and  hauled  to 
the  portal  by  whatever  means  are  provided  for  that  purpose.  This 
system,  however,  possesses  some  disadvantages.  The  switch  must  be 
moved  frequently  at  no  little  expense  and  trouble  in  order  to  keep 
pace  with  the  tunnel  advance,  or  else  it  will  soon  be  so  far  from  the 
face  that  it  is  practically  worthless.  There  is  considerable  loss  of 
time  while  the  loaded  cars  are  being  removed  and  the  empty  ones  are 
being  brought  to  the  face ;  even  although  every  effort  be  made  to 
reduce  this  lost  time  to  the  minimum,  the  switch  can  not  well  be 
located  nearer  than  100  feet  from  the  face,  whereas  in  practice  300 
to  500  feet  is  more  apt  to  be  the  actual  distance.  Moreover,  the  full 
car  must  usually  be  taken  by  hand  the  entire  distance  to  the  switch 
before  the  empty  can  pass  it;  when  this  system  is  employed  heavy 
cars,  almost  without  exception,  are  used  (for  reasons  later  shown), 
and  on  this  account  to  move  them  any  distance  by  hand  entails  heavy 
exertions  on  the  part  of  the  mucking  crew. 

■  Sannden,  W.  L.,  Tunnel  driving  in  the  Alps :  Bull.  Am.  Inst.  Min.  Eng.,  July,  1911, 
p.  535. 
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At  some  tunnels  this  difficulty  was  obviated  by  extending  two  tracks 
all  the  way  to  the  face  and  loading  cars  on  each  one  alternately. 
Even  this  arrangement  is  not  entirely  satisfactory,  because  it  requires 
the  eictra  labor  and  trouble  of  laying  two  tracks  instead  of  one,  which 
must  be  done  after  the  tunnel  is  cleared  of  debris  and  before  the  new 
round  is  fired  and  is  therefore  very  apt  to  cause  a  serious  delay  in 
the  whole  work,  especially  if  the  shovelers  are  a  little  late  in  clearing 
the  heading.  In  addition,  the  need  for  keeping  the  switch  as  close 
as  possible  to  the  face  is  not  so  apparent  with  this  method  as  with  the 
first,  and  hence  this  most  necessary  feature  is  apt  to  be  neglected. 
In  that  event  much  time  will  be  wasted  in  the  course  of  a  shift  by  the 
men  tramming  the  cars  an  extra  distance. 

At  one  tunnel  the  necessity  for  a  double  track  was  avoided  by 
covering  the  entire  floor  of  the  heading  with  steel  plates  for  about 
30  or  40  feet  back  from  the  face.  The  cars  to  be  loaded  could  easily 
be  jumped  from  the  track  onto  the  first  of  these  plates  and  rolled  as 
near  the  rock  pile  as  necessary,  and  when  one  car  was  full  an  empty 
one  could  be  shunted  around  it  without  difficulty  and  placed  in 
position  for  loading  while  the  full  one  was  being  rolled  back  upon 
the  track  and  trammed  to  the  siding  when  the  trains  were  made  up. 
Such  a  method  is  simple  and  effective  and,  except  for  the  work  of 
moving  the  siding  ahead,  requires  little  extra  labor;  most  of  the 
plates  are  needed  in  any  event  for  the  men  to  shovel  from,  so  that  the 
work  of  adding  one  or  two  more  would  scarcely  be  noticed.  This 
procedure  is  recommended  if  for  some  reason  it  is  necessary  to  employ 
cars  of  large  capacity. 

But  in  most  cases,  as  was  mentioned  in  the  section  on  haulage 
equipment,  it  is  much  better  to  use  cars  of  smaller  capacity;  then 
the  empty  ones  are  tipped  off  the  track  to  allow  the  full  ones  to  pass 
and  can  be  righted  when  needed  and  placed  back  easily  by  two  men, 
thus  avoiding  all  the  complications  and  extra  work  arising  from  the 
use  of  a  siding  or  switch.  The  smaller  cars  are  also  easier  to  load, 
for,  as  they  do  not  occupy  as  much  space  in  the  tunnel  heading,  there 
is  more  room  for  the  shovelers  to  work ;  also,  the  sides  of  the  smaller 
cars  being  lower,  each  shovelful  of  rock  does  not  have  to  be  lifted 
as  high  in  order  to  get  it  into  the  car,  saving  both  time  and  energy. 
They  are  likewise  easier  to  handle  in  case  of  a  derailment,  and  as 
fewer  men  are  required  for  tramming  them  out  of  the  heading  when 
full,  a  larger  percentage  of  the  time  of  the  shoveling  crew  can  be 
spent  in  the  actual  process  of  loading. 

When  the  smaller  cars  are  used,  however,  the  work  of  handling 
them  must  be  thoroughly  systematized  in  order  to  prevent  waste  of 
time  through  avoidable  delays.  Although  similar  to  that  in  use  at 
a  number  of  the  tunnels  examined,  the  system  employed  at  the  Raw- 
ley  Tunnel  was,  perhaps,  more  carefully  planned  in  all  the  details 


Digitized  by  LjOOQIC 


TUKNEL-CONSTBUCTIQN  JtfBTHODS.  175 

than  were  any  of  the  others.  Upon  arrival  at  the  heading  the  empty 
cars  were  pulled  as  near  as  possible  to  the  full  cars  waiting  to  be 
removed,  which  at  this  juncture  ordinarily  stood  on  the  track  some 
75  or  100  feet  from  the  face  of  the  tunnel.  The  mule  was  then 
detached  from  the  empty  "  trip  "  and  used  to  pull  the  full  cars  back 
to  the  car  being  loaded,  usually  the  last  one  of  the  previous  empty 
trip;  or  if  they  had  all  been  loaded  the  full  cars  were  pulled  back  as 
near  the  face  as  possible.  The  empty  cars  were  then  hauled  up  to 
the  full  ones  and  tipped  off  the  track  on  their  sides  out  of  the  way. 
All  of  this  work  was  performed  by  the  mule  driver  alone,  except 
when  the  shovelers  had  completed  the  loading  of  the  empty  cars,  when 
they  assisted  wherever  possible  in  order  to  expedite  the  work.  After 
seeing  that  the  cars  of  the  full  trip  were  'properly  coupled  up,  the 
driver  then  started  with  them  for  the  dump  and  the  muckers  took 
the  two  empty  cars  nearest  the  portal,  set  them  on  the  track,  and 
trammed  them  to  the  face  where  one  car  was  again  tipped  off  on 
its  side  while  the  other  was  being  loaded.  Unless  the  mule  driver 
was  delayed  in  getting  to  the  heading  so  that  he  did  not  arrive  before 
all  of  the  cars  of  the  previous  trip  were  filled,  the  operation  of  get- 
ting the  loaded  trip  out  of  the  heading  and  an  empty  car  again  in 
position  to  be  loaded  rarely  occupied  more  than  three  to  five  minutes. 
The  remainder  of  the  cycle  was  similar  to  that  just  described  for 
die  Laramie-Poudre  Tunnel,  each  full  car  being  trammed  a  short 
distance  beyond  the  last  one  of  the  empty  trip,  which  was  then  taken 
up  to  the  face  and  thrown  on  its  side  ready  for  use  without  delay 
when  needed. 

To  recapitulate,  the  chief  advantages  of  this  system  are:  (1)  It 
does  away  with  a  switch  near  the  heading;  (2)  the  cars  do  not  have 
to  be  trammed  any  great  distance  by  hand — only  a  little  more  than 
the  length  of  one  trip — and  the  distance  is  constant  and  does  not 
vary  with  the  tunnel  advance;  (3)  the  minimum  time  is  consumed 
in  getting  the  full  car  out  of  the  way  and  replacing  it  with  an  empty 
one ;  and  (4)  little  time  is  lost  in  making  up  the  trains  to  be  hauled 
to  the  dump.  It  can  not,  of  course,  be  used  satisfactorily  unless  the 
ears  are  small  enough  to  be  handled  easily  by  two  men,  but  this  is  a 
matter  that  can  be  provided  for  in  purchasing  the  equipment,  and, 
as  has  been  shown,  the  smaller  car  has  other  advantages  that  make 
it  desirable  for  tunnel  work.  A  system  similar  to  the  one  outlined, 
modified,  of  course,  to  fit  local  conditions,  is  highly  recommended 
for  future  tunnel  work. 

STEEL  PLATES. 

The  use  of  steel  floor  plates  from  which  to  shovel  rock  broken  by 
the  blast  has  become  so  general  that  mention  of  this  feature  of 
mucking  should  hardly  be  necessary.    The  authors  were  much  sur- 
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prised,  however,  to  find  at  one  or  two  tunnels,  where  otherwise  there 
was  little  left  to  be  desired  in  the  line  of  organization  and  equipment, 
that  the  muck  was  being  shoveled  without  the  use  of  plates.  Even 
the  most  cursory  study  of  the  efforts  of  the  men  in  pushing  the 
shovels  into  the  rock  pile  along  the  uneven  surface  of  the  bottom  of 
thjB  tunnel,  and  comparing  the  time  required  to  load  a  car  with 
results  at  other  tunnels  where  steel  sheets  were  in  use,  soon  made 
it  evident  that  much  energy  and  time  were  being  wasted  needlessly. 

At  one  tunnel  the  plates  were  not  used  because  it  was  necessary 
to  excavate  the  floor  on  a  curve  instead  of  making  it  flat,  though 
even  here  plates  could  have  been  employed  by  leaving  a  part  of 
the  waste  material  in  the  bottom  of  the  tunnel  to  form  a  flat  sur- 
face upon  which  the  sheets  could  have  been  placed.  Upon  inquiry 
at  another  tunnel  the  following  reasons  were  given  for  their  nonuse : 
(1)  The  muck  was  so  sticky  that  it  would  not  be  any  easier  to  shovel 
from  the  plates  than  from  the  rock  pile;  (2)  it  was  impossible  to 
prevent  the  sheets  from  becoming  bent,  twisted,  and  jumbled  up  with 
the  muck  when  the  holes  in  the  bench  were  blasted ;  and  (3)  it  was  a 
great  deal  of  trouble  to  lay  them  in  position  before  blasting  and  to 
handle  them  during  the  work  of  mucking. 

Although  it  must  be  admitted  in  all  candor  that  the  stickiness 
of  the  muck  in  this  instance  made  it  difficult  to  handle  under  any 
conditions,  there  is  no  real  reason  to  suppose  that  shoveling  from 
a  plate  would  have  been  more  arduous  than  from  the  pile — quite  the 
reverse.  The  second  objection  is  somewhat  more  serious  for  it  is 
true,  especially  with  heavy  blasts,  that  the  sheets  are  sometimes 
caught  up  and  twisted  by  the  explosion  and  occasionally  hurled  for 
considerable  distances  down  the  tunnel.  If,  however,  the  plates  are 
properly  covered  with  waste  rock  from  the  previous  round  before 
blasting,  such  occurrences  are  so  extremely  rare  as  to  be  neglible, 
and  this  is  ordinarily  the  remedy  for  such  difficulty.  At  the  par- 
ticular tunnel  under  discussion  the  trouble  was  somewhat  different. 
It  was  being  driven  with  a  heading  nearly  square,  which  was  fol- 
lowed at  a  distance  of  8  to  10  feet  by  a  bench  3  to  4  feet  high. 
The  holes  in  the  bench  were  drilled  from  the  same  set-up  as  those 
in  the  heading,  and  they  "  looked  "  down  and  away  from  the  head- 
ing and  hence  toward  and  slightly  under  the  position  that  would 
have  been  occupied  by  the  steel  sheete.  It  is  not  surprising  that 
with  this  arrangement  much  difficulty  should  have  been  experienced 
in  keeping  the  plates  down  during  the  short  time  they  were  tried. 
Objection  should  not  have  been  taken  to  the  steel  sheets  but  to  the 
design  of  the  tunnel  itself,  which  was  being  driven  considerably 
higher  than  it  was  wide  but  would  have  served  every  purpose  re- 
quired of  it  equally  well  if  the  dimensions  had  been  reversed.  Such 
a  change  would  not  only  have  obviated  the  sheet  trouble  but  would 
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also  have  made  driving  easier  in  other  respects.  Aside  from  this, 
the  tunnel  was  not  high  enough  to  warrant  the  removal  of  the  ma- 
terial in  two  operations,  as  was  being  done  at  the  time  it  was  visited. 
Since  then,  however,  the  bench  has  been  abandoned,  all  of  the  ma- 
terial being  excavated  at  once,  which  has  made  practicable  the  muck- 
ing from  steel  plates. 

The  third  criticism  is  entirely  a  question  of  economy  and  can  best 
be  met  by  inquiring  as  to  whether  it  is  not  better  for  the  muckers 
to  spend  15  or  20  minutes  while  the  drillers  are  loading  the  holes, 
and  possibly  as  much  more  time  during  the  mucking,  in  doing  work 
that  will  save  itself  several  times  over.  For  it  can  not  be  denied  that 
a  man  can  work  to  much  better  advantage  and  handle  more  rock 
during  a  given  time  if  he  shovels  from  a  smooth  surface.  When  he 
is  shoveling  from  the  pile  the  shovel  can  rarely  be  pushed  more  than 
an  inch  or  two  without  encountering  a  piece  of  rock  too  big  to  be 
shoved  aside,  and  there  must  therefore  be  a  distinct  stop  while  the 
shovel,  with  any  load  upon  it,  is  lifted  clear  of  the  obstruction, 
only,  in  all  probability,  to  encounter  another  one  almost  immedi- 
ately. It  is  not  surprising,  therefore,  to  find  that  the  experience 
at  a  large  majority  of  tunnels  leads  to  the  conclusion  that  steel  plates 
for  shoveling  are  among  the  chief  economies. 

TIMBEBINa. 
MATERIALS. 

If  the  rock  through  which  a  tunnel  is  driven  does  not  possess  suf- 
ficient strength  and  rigidity  to  carry  the  weight  of  the  superincum- 
bent mass,  artificial  supports  for  the  roof,  sides,  and  sometimes  for 
the  bottom,  are  necessary  to  prevent  the  rock  from  falling,  crumbling, 
or  squeezing  into  the  excavation.  These  supports  may  be  timber, 
brick,  stone,  metal,  or  concrete.  Because  of  its  cheapness  and  avail- 
ability in  many  mining  districts  and  the  ease  with  which  it  can  be  cut 
to  the  required  sizes  and  shapes  and  placed  in  position,  timber  is 
the  support  most  generally  employed ;  and  even  if  masonry  or  con- 
crete lining  is  required  in  the  specifications  of  the  completed  tunnel, 
timber  is  almost  always  used  as  a  temporary  support  until  the  more 
permanent  material  can  take  its  place. 

In  most  underground  situations  seasoned  timber  is  preferable  to 
green  because  it  is  better  able  to  resist  decay.  The  bark  should  inva- 
riably be  removed  from  round  logs,  as  the  space  between  it  and  the 
Wood  affords  an  excellent  breeding  place  for  many  forms  of  wood- 
destroying  insects,  and  the  bark  itself  collects  moisture  and  thus 
encourages  the  growth  of  fungi,  which  are  the  chief  wood-destroying 
agents.    Round  timbers  when  properly  peeled  and  seasoned  are  more 


Digitized  by  LjOOQIC 


178  SATBTY  AND  EPFICIBNCY  IIST  MIKB  TUNNBUNG. 

durable  than  square  timbers  cut  from  a  similar  log  of  the  same  size 
and  age,  because  the  comers  of  the  latter  are  especially  liable  to 
decay.  In  young  and  small  timber,  such  as  is  generally  used  for 
mining  work,  the  outer  half  of  the  log  is  usually  sapwood  containing 
starch,  sugars,  proteids,  and  other  soluble  organic  compounds — ^the 
foods  upon  which  decay-producing  fungi  thrive,  which  are  prac- 
tically wanting  in  the  heartwood.  If,  in  the  process  of  squaring  up, 
the  attempt  is  made  to  obtain  the  largest  possible  square  timber  from 
a  given  log,  the  comers  consist  largely  of  this  easily  infected  sap- 
wood  and  are  accordingly  most  liable  to  conditions  bringing  about 
quick  rotting.  It  is  not  surprising,  therefore,  to  find  in  moist  under- 
ground workings  where  square  timbers  have  been  in  place  for  three 
or  four  years  that  the  corners  of  the  timbers  have  decayed  to  such 
an  extent  that  they  can  be  pried  off  down  to  the  heartwood  with  a 
miners'  candlestick  or  any  other  sharp  instrument  It  is,  of  course, 
true  that  the  outer  part  of  a  round  log  also  consists  of  sapwood,  but 
the  exposed  surface  has  not  been  injured  or  bruised  by  the  saw. 

Although  roimd  timbers  deteriorate  much  more  slowly  than  square 
ones^  they  are  not  as  easily  handled  in  the  tunnel,  are  harder  to 
align  properly,  and  it  is  much  more  difficult  to  reinforce  them  by  the 
ordinary  false  sets.  If  timber  must  be  transported  long  distances, 
the  greater  weight  of  the  round  sticks  (especially  if  the  logs  are  trun- 
cated cones — or  ^'  chum  shaped  "  as  the  miners  say — ^instead  of  being 
nearly  cylindrical),  the  freight  costs  become  excessive  and  square 
timbers  must  be  used.  Under  these  conditions  the  saving  in  trans- 
portation charges  will  often  pay  for  some  type  of  preservative  treat- 
ment to  be  applied  to  the  timbers  before  they  are  placed  underground. 

The  best  method  of  checking  the  growth  of  fungi,  and  so  increasing 
the  durability  of  timber,  is  to  poison  the  source  of  their  food  supply. 
Although  there  have  been  many  processes  invented  for  this  purpose, 
most  of  those  in  use  to-day  depend  upon  the  injection  of  either  zinc 
chloride  or  creosote.  The  former  can  not  be  used  advantageously  in 
wet  situations,  however,  for  as  it  is  soluble  in  water  it  is  soon  leached 
out,  leaving  the  timber  just  as  susceptible  to  attack  as  before.  But  if 
creosote  is  properly  applied  it  can  not  be  washed  out,  no  matter  how 
much  water  passes  over  the  timber,  and  for  this  reason  it  is  the  pre- 
servative generally  employed  in  mining  and  tunnel  work.  It  is,  how- 
ever, somewhat  more  costly  than  zinc  chloride  and,  as  it  is  a  liquid, 
the  transportation  charges  are  considerably  higher  than  on  zinc 
chloride,  which  can  be  shipped  in  bulk. 

Creosote  can  be  applied  as  a  surface  coating  by  painting  with  a 
brush  or  simple  immersion  in  a  tank,  or  the  log  can  be  more  deeply 
impregnated  with  the  preservative  by  one  of  the  more  complicated 
processes  involving  heat,  pressure,  or  vacuum.    Although  painting  is 
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the  least  efficient  method,  it  has  the  advantage  of  cheapness,  and  if 
carefully  done  will  give  fairly  satisfactory  results.  Although  dip- 
ping or  simple  immersion  results  in  little  if  any  greater  penetration 
of  the  preservative,  it  insures  a  more  certain  filling  and  coating  of 
the  cracks,  checks,  and  other  imperfections  of  the  log  and  thereby 
affords  better  immunity  from  decay.  After  the  necessary  equipment 
has  been  obtained,  it  is  also  in  most  cases  cheaper  than  painting, 
because  it  is  more  economical  of  labor,  it  being  easier  to  run  a  number 
of  sets  of  timber  through  a  vat  by  some  form  of  mechanical  conveyor 
than  to  paint  the  same  number  by  hand.  For  either  method  the 
timber  must  be  fully  dried  and  seasoned  beforehand;  otherwise 
cracks  in  the  wood  due  to  the  evaporation  of  the  moisture  will  break 
the  protective  covering,  which  is  only  a  thin  one  at  best,  and  thus  give 
the  fungi  access  to  the  interior  of  the  stick.  It  is  perhaps  unneces- 
sary to  add  that  these,  as  well  as  any  of  the  other  treatments,  should 
be  given  after  the  timbers  have  been  cut  to  form,  so  that  the  ends 
and  the  mortise  openings  may  be  coated  as  well  as  the  sides. 

If  the  extra  cost  of  a  more  thorough  impregnation  is  warranted, 
the  "  Bethell "  process  is  widely  employed  for  timbers  that  are  to  be 
placed  in  wet  situations.  By  tliis  treatment  the  timber  is  for  several 
hours  given  a  bath  of  live  steam  at  perhaps  20  pounds  pressure,  after 
which  it  is  subjected  to  a  vacuum  for  three  or  four  hours  more,  when 
creosote,  heated  to  a  temperature  of  approximately  160®  F.,  is  applied 
under  pressure  until  the  desired  amount  of  the  preservative  is  forced 
into  the  wood.  "  Burnettizing  "  is  a  process  practically  identical  with 
this,  except  that  zinc  chloride  is  used  in  place  of  creosote.  There  are 
also  a  number  of  methods  less  frequently  employed  that  are  designed 
to  effect  economy  in  the  amount  of  chemical  required  and  differ  chiefly 
in  the  manner  of  their  application.  In  one  or  two  of  them  the  interior 
of  the  timber  is  impregnated  with  the  less  expensive  zinc  chloride, 
which  is  in  turn  protected  from  the  action  of  water  by  treating  the 
outer  zone  with  creosote.  A  more  complete  discussion  of  processes 
than  can  well  be  included  in  this  report  may  be  found  in  Forest 
Service  Bulletins  78  and  107,  "Wood  Preservation  in  the  United 
States,"  and  "The  Preservation  of  Mine  Timbers." 

For  permanent  tunnel  linings  brick  or  stone  were  formerly  the 
chief  materials  employed,  and  most  of  the  older  tunnels,  both  in  this 
country  and  abroad,  are  lined  in  this  manner.  Such  linings  are  ex- 
pensive, however,  and  require  a  higher  class  of  labor  to  place  them  in 
position  than  does  concrete,  their  modem  substitute,  nor  do  they 
afford  the  same  imperviousness.  Although  metal  beams  and  posts 
are  employed  advantageously  as  roof  supports  in  the  main  entries 
and  gangways  of  some  coal  mines,  high  cost  prevents  their  use  except 
for  this  or  work  of  similar  importance.    The  best  modern  material 
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Fxacfts  30.- 


6"xr 


-Four-piece  wt  for  a  small 
tunnel. 


for  permanent  linings  is  undoubtedly  concrete,  and  although  its  em- 
ployment in  this  work  has  thus  far  been  restricted  chiefly  to  railroad, 

irrigation,  or  water-supply  tun- 
nels, its  use  in  practically  every 
important  mining  tunnel  where  a 
permanent  lining  is  necessary  must 
almost  certainly  follow. 

TYPES.* 

The  simplest  form  of  roof  sup- 
port is,  of  course,  a  single  post,  or  a 
cap  supported  at  either  end  by  a 
"  hitch  "  or  recess  in  the  side  wall. 
If  the  sides  of  the  tunnel  are  not 
strong  enough  to  afford  a  hitch,  the 
ends  of  the  cap  are  supported  by 
posts,  and  if  the  floor  will  not  bear 
the  weight  of  the  posts  a  sill  is  placed  for  them  to  rest  upon.  Figure 
30  illustrates  such  a  four-piece  set  applied  to  as  small  a  tunnel  as  it 
is  usually  advisable  to  exca- 
vate. The  timbers  are  8  by  8 
inches,  and  instead  of  being 
partly  beveled  for  withstand- 
ing side  pressure,  the  posts  are 
held  apart  by  a  2  by  8  inch 
plank  spiked  to  the  cap.  Fig- 
ure 31  illustrates  a  com- 
mon form  of  timbering  de- 
signed for  a  tunnel  of  a  con- 
venient size  for  driving  when 
a  single  track  is  all  that  is  re- 
quired. The  timbers  are  10 
by  10  inches,  and  the  joint  be- 
tween the  cap  and  the  posts 
is  beveled  at  the  corners  so 
that  the  timbers  can  easily  resist  horizontal  or  vertical  pressure  with- 
out splitting.    If  heavier  ground  is  encountered  than  can  be  held  with 

■  As  tunnels  and  adits  for  the  purpose  coyered  In  this  report  are  rarely  too  large  to  be 
driven  as  a  single  beading,  the  many  complicated  and  ingenious  systems  of  timbering  that 
are  used  in  driving  large  railway  tunnels,  either  with  multiple  headings  or  single  beading 
and  bench  work,  need  not  be  considered  here.  For  a  discussion  of  these  methods  the 
reader  is  referred  to  the  monumental  works  of  Drinker  ("Tunneling,  Explosive  Com- 
pounds, and  Rock  Drills,"  by  Henry  S.  Drinker,  1878,  1026  pp.),  of  Prellni  ("Tunneling," 
by  Charles  Prelinl,  1002,  307  pp.),  and  of  Stauffer  ("Modern  Tunnel  Practice,"  by 
D.  Mc.N.  Stauffer,  1906,  300  pp.),  and  to  the  publications  of  the  civil  and  mining  engi- 
neering societies. 


PfocRS  SI. — Pour-piece  aet  for  a  medtum- 
sis^  tunnel. 
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FiGUBB  32. — Arrangement  of  timbeiing  proriding  a 
manway  at  one  side  of  the  tunnel. 


this  set,  the  posts  and  cap  can  be  made  of  12  by  12  inch  timbers,  with 

8  by  10  inch  sills  and  8  by  8  indi  braces  or  simply  "  braces,"  as  they 

are  commonly  called. 
In  single-track  tunnels  where  there  is  considerable  traffic  it  is  often 

advisable  to  have  the  opening  wide  enough  to  give  room  for  a  man- 
way    and   the   ventilating 

pipe  on  one  side  and  the  ^  k'xw*'  hbA-b^xs" 

car  tracks  on  the  other,  as 

shown  in  figure  32.    Or  if 

the  tunnel  has  to  carry  a 

considerable     volume     of 

water  the  design  shown  in 

figure  33  has  been  used  in 

many    instances    and    has 

given    excellent    satisfac- 
tion,  notwithstanding  the 

fact  that  both  the  opening 

and   the   timbers   are  un- 

symmetrical.    The  6  by  6 

inch  sill,  which  also  forms 

the  rail  tie,  is  not  notched 

into  the  post  on  the  right  side,  but  is  merely  held  in  place  by  a  2  by  10 

inch  plank  spiked  to  the  face  of  the  post,  the  upper  end  of  the  plank 

being  recessed  for  a  depth  of  4  inches  to  receive  the  sill.    If  even 

larger    volumes    of    water 
^C  ^y^.^^<^    ^.^  y  have  to  be  provided  for,  the 

10^10^  ZSL--6"*8"        arrangement    illustrated    in 

figure  34  has  given  very 
good  results  at  a  number  of 
places  where  it  was  tried. 
The  amount  of  water  and 
the  grade  of  the  tunnel  of 
course  determine  the  proper 
depth  of  the  drain.  The 
sill  is  supported  by  planks 
spiked  to  the  posts,  as  in  the 
preceding  case. 

Where  the  roof  pressure 
becomes  too  great  to  be  car- 
ried by  a  horizontal  cap, 
what  is  known  as  the  "  arch 
set"    is    usually    employed. 


Fiotma  33. — Timbering  for  a  wet  tonneU 


Figure  35  shows  the  design  of  such  a  set  for  a  tunnel  7  feet  6  inches 
high  by  6  feet  wide  on  the  sills.  The  timbers  are  8  inches  square  and 
the  collar  braces  4  by  6  inches.  Instead  of  the  braces  being  placed  on 
the  outer  edges  of  the  timbers,  as  is  done  on  square  sets  where  they  can 
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be  slipped  in  from  the  outside,  the  collar  braces  on  arch  sets  should 
be  mortised  into  the  face  of  the  timbers  in  a  central  position,  bisected 
by  the  joint,  as  shown  in  the  illustration.    By  this  means  the  level 

pieces  forming  the 
arch,  being  much 
more  difficult  to  hold 
in  place  while  being 
blocked  than  are 
square  sets,  are  pre- 
vented by  the  braces 
from  slipping.  If 
more  room  is  required 
in  the  upper  part  of 
the  tunnel  than  is 
given  in  this  design, 
vertical  posts  are 
often  used  (see  fig. 
36 ) ,  a  substitution 
that  not  only  in- 
creases the  width  of 
the  tunnel  at  the 
shoulders,  but  calls 
for  all  timber  cuts  to 
be  at  an  angle  of  30 
degrees,  making  the  sides  and  the  top  pieces  of  the  arch  interchange- 
able. Figure  37  illustrates  the  arch  system  of  timbering  as  employed 
in  medium  heavy  ground  for  a  tun- 
nel 8  feet  in  width  by  7  feet  6 
inches  in  height,  which  is  about  the 
minimum  si^e  for  a  double-track 
tunnel.  If  the  walls  of  a  tunnel  are 
sufficiently  firm  to  stand  without 
timbers  and  only  the  roof  requires 
support,  the  arrangement  shown 
in  figure  38  can  often  be  used  to 
advantage.  This  system  makes  a 
carefully  constructed  footing  for 
the  arch  timbers  necessary,  but 
hitch-cutting  with  a  modem  hand 
pneumatic  drill  is  comparatively 
a  cheap  operation,  the  cost  of  which  will  be  repaid  many  times  by 
the  saving  in  timbers  and  in  the  smaller  quantity  of  rock  to  be  ex- 
cavated. 


FiQDRB  34. — ^Timbering  for  a  tunnel  producing  a  large 
volume  of  water. 


FiouRs  35. — Arch  set  for  a  amall  taiiB€i. 
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8"x  10'' 


FlOUBl  86.- 


B 


-Arch  let  with  vertlca] 
posts. 


Swelling  or  creeping  ground  results  from  the  exposure  of  certain 
rocks  to  the  air,  whereby  they  undergo  chemical  change  and  increase 
in  volume  so  that  the  excavation  not  only  closes  in  from  the  sides 
and  roof  but  swells  up  from  the  floor  as  well.  Under  such  conditions 
it  may  be  necessary  to  design  the  timbers  as  shown  in  figure  39,  the 
drain  box  and  the  track  being  pro- 
tected by  an  inverted  arch.  If  12  by 
12  inch  timbers  in  this  form  will  not 
resist  the  squeeze  at  the  usual  dis- 
tance of  4  feet  between  centers,  it  is 
customary  to  close  them  up  until  they 
have  sufficient  resistance  to  withstand 
the  pressure.  Occasionally,  however, 
zones  of  rock  are  encountered  that 
can  not  be  held  even  by  this  expedi- 
ent, in  which  case  the  timbers  can  be 
kept  from  breaking  by  placing  the 
sets  about  3  or  4  inches  apart;  then 
whenever  the  pressure  becomes  too 
great  it  can  be  reduced  by  removing  with  a  long-bladed  pick  what- 
ever decomposed  rock  is  in  line  witli  the  open  spaces,  4  or  5  inches 
back  from  the  timbers.  Swelling  ground  is  usually  so  soft  that  this 
can  be  done  without  much  trouble,  and  it  is  neither  a  difficult  nor 
expensive  matter  to  keep  a  wood-lined  tunnel  open  until  it  can  be 

lined  conveniently  with 
concrete;  which,  by  pre- 
venting access  of  air  to 
the  rock,  will  remove 
much  of  the  difficulty. 
The  octagonal  set  (fig. 
40)  offers  another  means 
of  holding  such  heavy 
ground,  and  it  is  often 
supplemented  with  con- 
crete in  front  of  and  be- 
tween the  timbers,  as 
shown  on  the  left  side  of 
the  illustration.  To  in- 
sure the  safety  of  the  tunnel  after  the  timbers  have  decayed,  the 
sets  should  not  be  spaced  less  than  12  inches  apart,  and  15  to  18 
inches  is  still  safe  as  the  wider  opening  gives  room  for  a  stronger 
rib  of  concrete  between  the  timbers.  The  section  is  exceedingly 
easy  to  handle,  and  if  the  flow  of  water  is  not  too  great  for  the 
drainage  area  underneath,  nothing  better  could  be  adopted.    All  the 


FiouBS  ST. — ^Areh  Bet  for  a  cionhle-track  tunnel. 
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pieces  in  this  timber  set  are  exact  duplicates,  which  is  a  great  con- 
venience not  only  in  framing  but  also  in  storage  and  erection. 
An  entirely  different  problem  from  swelling  groimd,  and  one 

temporarily  much  more  difficult  to 
handle,  is  often  encountered  where  adits 
or  tunnels  have  to  be  driven  through 
shear  zones,  caved  ground,  or  loose, 
crushed  material  that  will  not  stand  over- 
head without  being  supported  as  fast  as 
it  is  opened.  One  of  the  oldest  designs 
for  driving  through  areas  of  this  descrip- 
tion is  shown  in  figure  41,  each  alternate 
set  carrying  a  double  cap.  This  arrange- 
ment is  simple,  easily  operated,  and  very 
FxGUBB  38.— Arch  roof  supirart  Satisfactory  if  the  material  in  the  roof  or 
andhitcb.  sides  does  not  bring  too  much  pressure 

on  the  spiling.^  The  method  possesses,  however,  two  grave  dis- 
advantages— it  requires  two  different  sets  of  timbers  and  the  spil- 
ing used  must  be  long  enough  to  cover  both  sets.  The  latter  diffi- 
culty, if  the  overhead  material  is  heavy,  may  prove  serious,  as  it  is 
often  difficult  to  drive  spiling 
across  one  space,  to  say  noth- 
ing of  two. 

Under  stich  conditions  the 
tailblock  system,  illustrated  in 
figure  42,  is  generally  em- 
ployed. As  the  timber  sets  are 
all  the  same  size,  it  avoids  one 
disadvantage  of  the  preceding 
type,  nor  do  the  sets  differ  in 
any  particular  from  those  used 
with  ordinary  lagging.  It  of- 
fers, however,  little  improve- 
ment in  the  matter  of  driving 
the  spiling  in  place.  To  be 
sure,  the  spiling  does  not  have 
to  cover  two  sets;  but  if  the 


-J. 


FiouBB  39. — ^Inverted  arch  set  for  swelllns 
ground. 


ground  is  heavy,  the  great  pressure  brought  upon  the  tailblock  by  a 
comparatively  small  quantity  of  rock  resting  over  the  spiling  as  it 
is  being  driven  forward  creates  an  amount  of  friction  that,  added 
to  the  resistance  in  front  of  the  spile,  makes  driving  exceedingly 

•  If  the  lining'  of  a  tunnel  can  easily  be  placed  in  position  It  is  usually  known  as 
"  lagging."  but  if  It  has  to  be  sharpened  to  a  chisel-shaped  end  and  driven  into  position 
It  is  called  "  spiling  "  or  "  forepoUng." 
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difficult  even  with  the  heaviest  sledges  that  can  be  used.  Although  the 
greatest  care  be  taken,  the  back  end  of  the  spile  is  often  broomed  and 
split  by  the  heavy  pounding  required.  This  can  be  obviated  in  part 
by  capping  the  back  end  of  the  spile  with  an  iron  shoe,  and  a  heavy 
piston  drill  is  sometimes  employed  to  do  the  pounding.  If  the  ground 
over  the  tunnel  is  very  much  shattered  and  weak,  making  the  con- 
tinued hammering  on  the  spiling 


dangerous,  it  is  safer  to  force  the 
spiling  slowly  forward  with  light 
jackscrews. 

When  an  opening  has  to  be 
driven  for  any  considerable  dis- 
tance through  soft  material  re- 
quiring immediate  support,  the 
work  can  be  expedited  greatly  by 
the  use  of  what  is  known 
throughout  the  West  as  the 
swinging  false  set,  illustrated  in 
figure  43.  Like  many  other  in- 
ventions, this  system  was  the  Figdm  40.— Octagonal  set  for  tunnel. 
child  of  necessity,  and  was  first  used  in  the  Cowenhoven  Tunnel,  at 
Aspen,  Colo.,  where  the  overlying  rock  brought  so  much  pressure  on 
the  spiles  that  it  was  almost  impossible  to  drive  them  forward  with 
an  18-pound  sledge.  With  this  method  no  tailbloc;ks  are  employed, 
nor  need  the  spiling  be  driven  across  two  sets  of  timbers,  as  in  figure 
41.    The  weight  on  the  front  end  of  the  spiling  is  carried  directly  on 

the  swinging  false  set,  and 
the  spiling  can  be  driven 
into  place  with  a  quarter 
of  the  hammering  neces- 
sary under  the  tailblock 
system.  As  will  be  seen 
by  inspection  of  the  longi- 
tudinal section,  the  posts 
of  the  swinging  false  set 
rest  and  rotate  on  the  sill 
of  the  permanent  set  and 
when  first  erected  occupy 
the  position  shown  by  the  dotted  lines.  They  carry  a  circular  steel 
cap,  6,  which  supports  the  front  end  of  the  spile  a,  so  that  the  only 
pressure  to  be  overcome  in  driving  is  that  of  the  rock  immediately 
above  and  in  front  of  the  spile,  which  can  consequently  be  driven  for- 
ward much  more  easily  than  in  the  tailblock  system,  in  which  a  weight 
of  100  pounds  on  the  front  of  the  spile  would  easily  cause  a  pressure 
of  five  times  that  amount  on  its  supports.    As  the  spiling  is  driven 


PiocBE  41. — Timbering  for  loose  ground. 
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forward  the  tumbuckle  c  is  slowly  unscrewed,  allowing  the  swing- 
ing false  set  to  fall  forward  and  carry  the  point  of  the  spiling  in  a 
nearly  horizontal  line.  When  all  of  the  spiles  have  been  driven  home 
and  the  supporting  block  d  has  been  placed  under  them,  the  tum- 
buckle c  is  unscrewed  still  farther,  permitting  the  hanging  rods  to  be 
unhooked  from  the  eyebolts  and  the  false  set  to  be  advanced  to  ^  new 
position,  one  set  farther  ahead.  The  system  requires  that  the  timbers 
for  at  least  five  or  six  sets  from  the  face  shall  be  bolted  together  in 
very  much  the  same  manner  as  hanging  bolts  are  used  in  placing  shaft 
timbers ;  this,  however,  is  a  direct  advantage  rather  than  otherwise,  for 
by  bolting  the  timbers  together  and  screwing  them  tightly  against  the 
braces  they  can  be  placed  in  position  much  more  easily  and  quickly. 
Further,  the  timbers  are  held  together  so  firmly  that  if  hard  ground  is 
encoifntered  in  any  part  of  the  face  much  heavier  charges  of  explo- 
sives can  be  used  than  if  they  were  held  in  place  merely  with  blocks 


FiouRB  42. — Tallblock  Bystem  of  timbering. 

and  wedges.  The  swinging  false  set  works  equally  well  with  square 
or  arched  sets,  but  if  the  latter  are  used  the  collar  braces  should  be 
shifted  from  their  normal  position  on  the  center  line  of  the  timbers, 
as  shown  in  figures  36,  37,  39,  and  40,  to  the  outer  end  of  the  joints  to 
make  room  for  the  greatest  possible  width  of  spiling;  by  this  means 
the  angle  gap  can  be  reduced  to  a  minimum  and  the  length  of  the 
"  lacing,"  €j  correspondingly  reduced. 

In  driving  a  heading  where  the  character  of  the  rock  necessitates 
timbering  close  to  the  face,  care  must  be  taken  to  thoroughly  brace 
and  block  the  front  sets  before  firing.  If  the  roof  "  breaks  high  " 
and  there  is  any  possibility  of  large  masses  dropping  out  of  it,  the 
space  between  the  lagging  and  the  roof  must  be  completely  filled 
either  with  waste  or  blocking;  otherwise  a  large  piece  of  rock  ipay 
drop  from  the  roof  and  pass  completely  through  the  lagging  and 
thus  endanger  the  lives  of  the  men  below.  Timbering  dose  to  the 
face  always  diminishes  the  rate  of  progress  by  compelling  the  use 
of  shallower  holes  and  lighter  charges.    An  excellent  plan  to  admit 
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of  heavier  rounds  under  these  conditions  is  to  keep  the  last  6  or  8 
sets  of  timbers  firm  and  tight  up  against  their  collar  braces  by  the 
use  of  tie  bolts.  These  should  be  provided  with  center  hooks  to 
admit  of  their  ready  removal  on  the  same  plan  as  the  hanging  bolts 
that  have  so  long  been  successfully  used  in  shaft  sinking.  Only  6 
or  8  sets  of  bolts  are  required,  those  from  the  rear  being  moved 
forward  and  used  in  the  face.  This  system  of  tying  the  sets  together 
has  been  found  to  be  equally  as  advantageous  in  horizontal  as  in 
vertical  driving. 

The  tunnel  shield,  such  as  is  generally  employed  with  or  without 
compressed  air  for  piercing  subaqueous  river-bed  deposits,  affords 
anotiier  solution  of  the  problem  of  driving  through,  soft  ground. 
Althou^,  in  the  matter  of  speed,  safety,  and  economy,  the  modem 
shield  leaves  little  to  be  desired,  it  has  one  great  drawback,  the 
initial  cost  of  the  installation,  which,  practically  bars  it  from  use  for 


FiouBs  48. — Swinging  fklse  set  for  loose  gronnd. 

the  narrow  zones  or  small  areas  of  running  ground  usually  en- 
countered by  the  class  of  tunnels  considered  in  this  report. 

The  system  of  timbering  employed  at  the  north  end  of  the  Eliza- 
beth Lake  Tunnel  of  the  Los  Angeles  Aqueduct  is  of  especial  interest 
because  of  the  ingenious  and  extremely  effective  means  employed 
to  drive  through  a  comparatively  hard  rock  which,  however,  was 
so  shattered  and  broken  that  it  could  not  be  trusted  to  stand  even 
temporarily  without  support;  in  addition,  the  speed  and  efficiency 
with  which  the  timb^ng  was  placed  in  position  were  notable,  ena- 
bling the  north  end  of  the  tunnel  to  progress  practically  as  fast 
as  the  south,  although  in  the  latter  very  little  timbering  was  required. 
The  following  description  is  taken,  with  some  condensation  and 
rearrangement,  from  an  article  by  Herrick :  <* 

The  main  tunnel,  approximately  12  by  12  feet,  was  preceded  by  a 
short  pilot  heading  approximately  8  by  8  feet,  in  which  the  roof 

'Herrick,  R.  L.,  Tunneling  on  Los  Angeles  Aqueduct:  Mlnee  and  Minerals,  yoI.  31, 
October,  1810,  pp.  185-143. 
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was  supported  by  "  false "  timbering.  Assuming  for  convenience 
the  time  of  inspection  to  have  been  at  the  end  of  a  shift,  with  the 
drills  removed  from  the  breast  preparatory  to  blasting  the  round, 
the  position  of  the  timbers  would  have  been  somewhat  similar  to 
that  shown  in  figure  44,  a,  which  represents  a  short-timbered  section 
of  the  full-sized  tunnel  and  the  horizontal  timbers  used  temporarily 
in  supporting  the  roof  of  the  pilot  heading.  The  posts  of  the  per- 
manent sets  were  8  by  8  inch  square  timbers,  8  feet  6  inches   in 


SECTION  A-B 


SECTION  C-D 


SECTION  E-P 


FiODRB  44. — System  of  timbering  used  at  the  EUxabeth  Lake  Tunnel. 

length;  and  in  the  figure  they  are  represented  as  spaced  longitudi- 
nally at  8-foot  intervals,  although  in  practice  they  were  often  set 
irregularly,  depending  upon  the  weight  of  the  roof.  The  width 
between  the  posts  was  10  feet  2  inches  in  the  clear,  whereas  the 
tunnel  was  broken  as  nearly  as  possible  to  a  width  of  12  feet.  The 
collar  braces  were  ordinarily  2  by  6  inch  planks  whose  ends  were 
supported  either  by  wedges  or  timber  ends  spiked  to  the  sets.  The 
false  posts  in  the  heading  were  later  used  as  permanent  posts  for  the 
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full-size  tunnel,  and  as  one  end  of  them  was  beveled  to  carry  pieces 
of  the  permanent  arch,  the  beveled  ends  were  placed  next  the  floor 
in  the  heading,  whereas  their  squared  ends  supported  the  temporary 
caps,  which  likewise  consisted  of  timbers  already  cut  to  form  and 
later  used  as  permanent  posts.  In  this  way  there  was  no  handling 
of  heavy  timbers  not  intended  for  permanent  use.  Just  before  blast- 
ing, the  false  timbers  were  carefully  braced  and  wedged  to  the  roof 
as  tightly  as  possible,  as  shown  in  figure  44,  &. 

As  soon  as  possible  after  the  blasting,  the  timbermen  went  back  to 
the  heading  to  shore  up  the  new  roof  temporarily  from  the  top  of 
the  rock  pile.  For  this  purpose  two  horizontal  timbers,  supported 
from  the  broken  rock  close  to  the  side  walls  and  having  transverse 
timbers  and  blocking  resting  upon  them,  as  shown  in  figure  44,  c, 
were  placed  by  the  timber  crew,  an  operation  that  interfered  little 
with  the  work  of  the  muckers  shoveling  back  from  the  face  to  allow 
the  placing  of  the  drills.  The  debris  was  next  removed  down  to  solid 
bottom  to  permit  the  setting  of  false  posts,  which,  when  capped,  then 
carried  the  weight  of  the  roof. 

Timbering  the  tunnel  during  the  enlargement  to  full  size  was  not 
a  difficult  operation.  Starting  at  the  last  permanent  set  and  pro- 
ceeding toward  the  face,  new  permanent  posts  (shown  in  figure  44,  a) 
were  placed  in  position  as  fast  as  the  section  was  widened  by  picking 
down  the  side  walls.  Transverse  spreader  timbers,  shown  in  view  of 
section  CD,  figure  44,  were  then  placed  between  these  posts  with 
their  bottoms  14  inches  below  the  joint  and  resting  on  timber  ends 
spiked  to  the  posts.  Across  these  spreaders  were  laid  two  tiers  of 
2-inch  piank,  forming  a  floor  4  inches  thick.  The  floor  was  some  2 
or  3  inches  below  the  bottoms  of  the  caps  resting  on  the  false  posts, 
so  that  it  was  easily  laid  while  the  false  sets  continued  to  hold  the 
roof.  Working  from  the  end  of  this  floor,  the  wedges  and  blocking 
transmitting  the  roof  weight  to  the  false  set  were  next  carefully 
knocked  out  and  the  shattered  roof  picked  down  on  the  floor,  from 
which  it  was  later  shoveled  into  cars.  By  placing  the  permanent 
posts  a  foot  or  so  in  advance  of  the  false  posts,  as  in  figure  44,  a,  the 
arch  timbers  of  the  permanent  sets  could  be  put  in  position  as  soon 
as  the  roof  had  been  sufficiently  removed.  Lagging  and  wedging 
quickly  followed,  so  that  the  roof  was  supported  by  the  permanent 
sets  shortly  after  the  removal  of  the  false  blocking. 

Although  lining  a  mining  tunnel  with  concrete  is  not,  strictly 
speaking,  a  type  of  timbering,  both  have  the  same  function,  that  of 
supporting  the  roof  and  walls.  In  this  work  the  concrete  is  usually 
placed  in  the  openings  between  the  timbers  and  for  a  few  inches  in 
front  of  them,  a  disposition  that,  if  the  sets  are  not  spaced  too  closely 
together,  is  generally  sufficient  even  though  later  decay  of  the  wood 
results  in  a  corresponding  weak  spot  in  the  lining.    This  defect  can 
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be  avoided,  however,  by  the  use  of  posts  and  caps  made  of  reinforced 
concrete  in  place  of  wood,  a  practice  that  has  been  recently  intro- 
duced and  is  finding  great  favor  wherever  its  added  expense  is  war- 
ranted. The  concrete  posts  and  caps  are  made  outside  of  the  tunnel 
in  a  mold  that  gives  them  the  identical  form  of  the  wooden  pieces 
they  displace,  and  by  proper  reinforcement  they  can  be  made  equal 
if  not  superior  to  timbers  in  strength,  a  strength  that  is  practically 
permanent. 

In  water-supply  tunnels  a  concrete  lining  performs  the  additional 
function  of  obviating  eddies  and  friction  against  the  otherwise 
irregular  walls,  and  for  this  reason  such  timnels  are  generally  lined 
throughout,  irrespective  of  the  needs  of  the  roof  for  support.  On 
the  Los  Angeles  Aqueduct  the  tunnel  lining  was  generally  at  least  8 
inches  thick  in  places  where  the  tunnel  was  not  timbered,  although 
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B^iGURB  45. — Reinforced  concrete  lining  at  Snake  Creek  Tmmel. 

an  occasional  rock  projecting  into  the  concrete  was  not  removed 
unless  it  came  within  4  inches  of  the  inside  finished  surface  of  the 
lining.  In  timbered  ground  concrete  was  placed  between  the  tim- 
bers and  for  a  minimum  distance  of  4  inches  in  front  of  them.  The 
inverted  siphons  of  the  Catskill  Aqueduct  were  lined  with  concrete 
which  was  ordinarily  2  feet  thick,  but  solid  rock  was  permitted  to 
project  without  removal  to  within  10  inches  of  the  interior  surface. 
Owing  to  the  great  hydrostatic  head,  in  places  as  high  as  700  feet, 
to  which  these  linings  were  to'be  subjected,  every  piece  of  timber 
was  removed  before  the  concrete  was  put  in  place,  and  if  it  was 
necessary  to  support  the  roof  during  the  time  the  concrete  was  set- 
ting, steel  roof  supports  were  designed  and  placed  for  this  purpose. 


Digitized  by  LjOOQ IC 


TUNNBL-CON8TBUCTION  METHODS.  191 

At  the  Snake  Creek  Tunnel,  where  a  zone  of  swelling  ground  was 
encountered  which  resisted  all  efforts  to  hold  it  in  the  ordinary  way, 
the  strongest  timbers  that  could  be  obtained  being  crushed  and 
broken  in  less  than  a  month's  time,  a  concrete  lining  reinforced  with 
steel  rails  was  installed.  Figure  45,  showing  this  lining,  is  practi- 
cally self-explanatory.*  If  large  volumes  of  water  have  to  be  carried 
through  ground  extremely  difficult  to  hold,  this  design  seems  ex- 
cellent, although  its  cost  would  be  prohibitive  for  anything  except 
important  timnels  draining  large  areas  of  well-developed  ground. 

■A  eomplete  deacriptloii  may  be  found  in  the  Bngineerlng  Record  for  May  25,  1912, 

p.  ses. 

1T164*— Bull.  57—14 ^13 
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In  regard  to  publicity,  the  cost  of  tunneling  is  perhaps  the  most 
neglected  feature  of  the  work.  Although  the  past  10  or  15  years 
have  witnessed  a  very  considerable  amount  of  tunnel  driving  and 
there  is  presumably  much  information  relative  to  cost  extant,  and 
although  the  articles  describing  methods,  equipment,  and  other 
features  of  many  of  these  tunnels  have  been  numerous,  only  very 
meager  data  regarding  the  cost  of  the  work,  which  is  a  very  prac- 
tical means  by  which  the  efficacy  of  methods  and  equipment  can  be 
measured,  have  found  their  way  into  the  ordinary  channels  of  pub- 
licity— ^the  engineering  periodicals.  This  possibly  is  due  in  part  to 
the  prejudice  entertained  by  some  contractors  and  tunnel  men  against 
a  publication  of  their  cost  data;  or  they  may  actually  not  know 
what  the  work  has  cost  them,  aside,  perhaps,  from  the  difference 
between  their  bank  account  at  the  beginning  and  at  the  end  of  the 
job;  others,  perhaps,  are  unwilling  to  go  to  the  trouble  (for  it  does 
involve  considerable  extra  labor)  of  preparing  such  matter  for  the 
magazines  or  other  publications. 

In  an  attempt  to  remedy  this  condition  somewhat,  there  are  set 
forth  in  the  following  pages  as  complete  and  accurate  data  as  could 
be  obtained,  showing  the  cost  of  various  phases  of  tunnel  work  at 
a  number  of  different  tunnels.  Although  the  writers  have  not  had 
the  advantage  of  auditing  the  books  from  which  these  figures  were 
taken  and  hence  can  not  vouch  personally  for  the  absolute  accuracy 
of  the  figures,  the  data  were  in  all  cases  procured  from  persons  in 
charge  or  who  were  in  a  position  to  know  what  the  work  actually 
cost.  Accompanying  the  figures  is  a  brief  list  of  the  more  important 
features  of  the  tunnel,  without  which  it  is  impossible  to  make  even 
an  approximate  comparison  between  any  two  pieces  of  tunnel  work. 

OITKNISOK  TTTKNEL. 

Important  detaUs, 

Location:  Montrose,  Colo. 

Purpose :  Irrigation  and  reclamation. 

Shape  of  cross  section :  Horseshoe. 

Size :  10  feet  wide  at  the  bottom,  10  feet  6  inches  wide  at  Uie  spiriDg  line,  10 
feet  high  at  the  spring  line,  12  feet  4  Inches  high  at  the  center  of  the  arch. 

Length :  30,645  feet. 

Character  of  rocls  penetrated:   Chiefly  metamorphosed  granite  with  some 
water-bearing  clay  and  gravel,  some  hard  black  shale,  and  a  zone  of  faulted  and 
broken  rock. 
192 
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T^pe  of  power :  Steam. 

VAtUator :  Pressure  blower. 

SIse  of  Tentllatixig  pipe:  17  inches. 

Drills :  At  first,  iMieiiiiiatlc  bammer,  4  driUs  In  tbe  leading ;  afterwards,  pneu- 
matic iristoD,  4  drills  in  tbe  beading. 

Mounting  of  drills :  Horisontal  bar  for  tbe  hammer  drills,  vertical  columns 
for  tiie  piston  drlll& 

Nomber  of  boles  per  roond:  20  to  24  in  the  beading  (approximately  one-half 
of  tbe  tonnel). 

ATerage  depth  of  round :  6  to  7  feet 

VvBober  of  drillers  and  helpers  per  shift :  4  drillers  and  2  helpers. 

Number  of  drill  shifts  per  day :  3. 

ExploeiTe :  60  per  cent  g^tin  dynamite^  with  some  40  per  cent 

Number  of  muckers  per  shift :  5  to  8. 

Number  of  mucking  shifts  per  day :  3. 

l^pe  of  haulage:  Electric. 

Wages :  Drillers,  |3.0O  and  HOO;  helpers,  $8.00  and  |8.G0;  muckers,  $2.50  and 
ia.00;  blacksmiths,  |3.50  and  $4.00;  motormen,  |3.00;  brakemen,  |2.60  and  $3.00; 
power  oigineers,  14.00. 

MsTlmnm  progress  in  any  calendar  month :  449  feet 

Average  monthly  progress :  250  feet,  approximately. 

Cost  of  driving. 

Cost  per  foot 
of  tmmel. 

10.019  feet  driven  by  undercut  heading  and  subsequent  enlargement $87.23 

20,(t26  feet  driven  by  top  heading  and  bench 62. 18 

Average  cost  of  excavation  of  entire  tunnel 70. 66 

These  costs  include  all  labor,  all  materials,  all  repairs,  all  power,  deprecia- 
tion figured  as  100  per  cent  on  all  equipment,  with  a  proportionate  charge  for 
general  (supervisory)  and  miscellaneous  expenses  of  the  entire  reclamation 
project 

LA&AHIS-POXTDBE  TXrNNEL. 
Important  detadU. 
Location :  Home,  CciLo. 
Purpose:  Irrigation. 
Gross  section :  Rectangular. 
81se:  9i  feet  wide  by  71  feet  high. 
Length:  11306  feet 

CSbaracter  of  rock  penetrated :  CHose-grained  red  and  gray  granite. 
Type  of  power :  Hydraulic  at  the  east  ^d,  electric  at  the  west. 
Ventilator :  Pressure  blower. 
Siae  of  voitilating  pipe :  14  and  15  inches. 
Drills:  3  pneumatic  hammer. 
Mounting  of  drills :  Horisontal  bar. 
Komber  of  holes  per  round :  21  to  28. 
Averupe  depth  of  ronnd :  10  feet  at  first,  7  to  8  feet  later. 
Number  of  drillers  and  helpers  per  shift :  3  drillers,  2  helpers. 
Number  of  driU  shifts  per  day :  3. 

Explosive:  60  per  cent  gelatin  dynamite,  with  some  100  per  cent  in  the  cut 
boles. 
Noniber  of  muckers  per  shift :  6. 
Number  of  muddng  shifts  per  day :  3. 
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Type  of  lianlage :  Mnle& 

Wages:  Drillers  $4.60,  helpers  $4,  muckers  $3.50,  blacksmitlis  $6,  drlTem 
$4.60,  dompmen  $3.50. 

Mazlmam  progress  In  any  calendar  month :  658  f^t,  March,  1911. 

Average  monthly  progress:  609  feet  (for  the  16  months  when  comidete  plant 
operated). 

Special  feature:  Inaccessibility;  the  tunnel  was  located  about  60  miles  from 
the  nearest  railroad  siding,  and  the  roads  were  mountainous  and  very  steep 
in  placea 

Cost  of  driving  tunnel  11,906  feet. 

foot  of 
tanneL 

Superintendents  and  foremen $1. 50 

Drilling 4.47 

Mucking  and  loading 4.92 

Tramming  and  dumping 4.63 

Track  and  pipe .47 

Power  house .  35 

Blacksmlthing .  84 

Repairs .  47 

Bonus  to  workmai r_  1. 75 

Maint^iance  of  camps,  buildings^  and  fud .  62 

Machinery  repairs .  12 

Air  drills  and  parts 1.83 

Picks,  shovels,  and  steel .  84 

Bzploslves 4.50 

Lamps  and  candles .42 

Oil  and  waste .88 

Blacksmith  supplies .  58 

Liability  insurance .  81 

Office  supplies,  telephone,  and  bookkeeping .86 

29.81 
Permanent  equipment  (less  approximately  10  per  cent  salvage) 9. 73 

89.54 

The  permanent  equipment  included  power  plant,  camp  buildings  and  furnish- 
ings, pipes,  rails,  etc. 

LOS  AKGBLES  AQTTEDUCT. 

LITTLE  LAKE  DIVISION,  TUNNEIiS  1  TO  lOA. 

Important  details. 

Location :  Inyo  County,  Gal. 
Purpose:  Water  supply,  power,  and  irrigation. 
Gross  section :  See  figure  8. 
Size:  See  figure  3. 

Type  of  power :  Electric  power  purchased  at  a  nominal  cost  per  kilowatt-hour 
from  a  hydraulic  plant  constructed  and  owned  by  the  aqueduct. 
Ventilators:  Pressure  blowers. 
Size  of  ventilating  pipe :  12  inches. 
Drills :  Pneumatic  hammer,  usually  2  in  each  heading. 
Mounting  of  drills:  Horizontal  bar. 
Number  of  holes  per  round:  Usually  14  to  16. 
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Average  depth  of  round:  6  to  10  feet 

NDmb^  of  drillers  and  helpers  per  shift :  2  drillers  and  2  helpers. 

Number  of  drill  shifts  per  day :  Usually  1,  but  sometimes  2. 

BzplosiTe:  40  per  cent  gelatin  dynamite,  with  some  20  per  cent  and  some 
BO  per  cent.    Ammonia  dynamite  also  tried. 

Number  of  muckers  per  shift :  Usually  5. 

Number  of  mucking  shifts  per  day :  Usually  1,  but  2  when  2  drill  shifts  were 
employed. 

Type  of  haulage:  Tunnels  1  to  8-N,  mules;  tunnels  8-S,  to  lOA-N,  electric; 
tunnel  lOA-S,  mulea 

Wages:  Drillers  and  helpers  $3,  muckers  $2.60,  blacksmiths  $4>  helpers  $2.60, 
motormen  |2.75,  dumpmen  $2.60. 

Cost  of  driving  Tunnel  IB^B  for  l^fl  feet, 
rDriren  throng  medinm-hard  granite  at  an  ayerage  speed  of  226  feet  per  month.*] 

Cost  per  foot 
of  tannel. 

Ezcaration |9. 16 

Bugineering .  18 

Idit  proportion .  28 

Permanent  equipment  (estimated) 2. 86 

Timbering   (867  ffeet) 1.02 

12.98 

In  this  tunnel,  as  in  all  of  the  tunnels  of  this  diyision  and  of  the  Grapeyino 
dlyislon,  the  cost  of  excayation  includes  the  wages  of  shift  foreman,  drillers, 
helpers,  muckers,  motormen  or  mule  drivers,  dumpmen,  blacksmiths  and 
helpers,  machinists,  electricians  (pari),  and  power  engineers;  also  the  cost  of 
powder,  fuse,  cape»  candles,  light  globes,  machine  oil,  blacksmith  supplies  and 
fuel,  and  machinists'  supplies,  and  the  cost  of  power  and  of  repairs  for  power, 
haulage,  compressor,  and  y^itllating  machinery. 

"  Engineering  "  includes  the  cost  of  giying  line  and  grade^  etc. 

*'Adit  proportion"  is  a  proporiionate  charge  per  foot  of  tunnel  to  defray 
the  cost  of  an  adit  from  the  surface  to  the  tunnel  line.    , 

"  Pennanent-equipment "  costs  were  not  segregated  for  each  tunnel,  but  were 
compiled  for  the  whole  diyision,  so  the  charge  represents  a  proporiionate 
charge  per  foot  for  the  entire  diyision  cost,  without  salyage,  of  trolley  and  light 
lines.  Including  freight  and  cost  of  installation ;  pressure  air  lines  with  freight 
and  installation;  yentllating  lines  with  freight  and  installation;  water  lines 
with  freight  and  installation;  mine  locomotiyes  and  cars,  picks,  shoyels,  drills 
and  drill  sharpeners^  with  repairs  for  the  last  four  items. 

Cost  of  driving  Tunnel  2,  length  1,7S9  feet. 

[Driyen  tbrougli  mediiim-hard  bat  yery  wet  granite  at  an  average  speed  of  170  feet  per 

month.] 

Cost  per 
foot  of 


Ezcaraticm $8. 81 

Engineering .  19 

Adit  proportion .  84 

Permanent  equipment 2. 35 

Timbering  (1,590  feet) a  28 

14.97 

«  Tbe  average  speed  given  Is  computed  on  the  basis  of  one  heading  per  montb. 
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Cost  of  drMng  Tunned  2A,  length  1,9B2  feet, 

[Driven  through  medium-hard  granite  at  an  average  speed  of  150  feet  per  month.] 

Coat  per  foot 
of  tonneU 

Excavation , $8.05 

Engineering .  16 

Adit  proportion .  34 

Permanent  equipment 2.35 

Timbering  (1,322  feet) 2.51 

ia4i 

Cost  of  drMnff  Tunnel  S-N  for  1^48  feet. 

[Driven  through  medium-hard  granite  at  an  average  speed  of  150  feet  per  month.] 

Coat  per  foot 
of  tiinnel. 

Eixcavation $10. 10 

Engineering .  23 

Adit  proportion ^ .  61 

Permanent   equipment 2. 36 

Timbering  (966  feet) 2. 44 

16.  <» 

Cost  of  driving  Tunnel  S-8  for  1,358  feet. 

[Driven  through  granite  of  variable  hardneaa,  and  containing  pockets  of  carbon-dioxide 
gas,  at  an  average  speed  of  155  feet  per  month.] 

Cost  per  foot 
of  toBDeL 

Excavation $VL  38 

Engineering .  28 

Adit  proportion .  16 

Permanent  equipment 2. 86 

Timbering  (14M4  feefr) a  28 

18.45 

Cost  of  driving  Tunnel  S  {S-N  and  8-8),  complete,  i,OU  feet, 

[Driven  through  decomposed  granite  of  medimn  hardneaa,  diaaected  bj  alipa  and  talooae 
planea  requiring  timber  where  ground  was  wet,  and  also  containing  pockets  of  carbon- 
dioxide  gas,  making  work  difficult  and  requiring  extra  provisions  for  ventilation.  Aver- 
age speed,  140  feet  per  month.] 

Cost  per  foot 
of  nmiieL 

Excavation $12. 67 

Engineering .  24 

Adit  proportion .  85 

Permanent  equipment 2. 35 

Timbering  (3,670  feet) 2.71 

18.32 
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009i  of  driving  Tunnel  4,  length  2,0S8  feet, 
[DifTcn  throng  medliim  hard  to  hard  granite  at  an  average  bpeed  of  146  feet  per  month.] 

Coat  per  foot 
of  tunnel. 

EzcaTation $12. 00 

1&igtnF»Ttiig .  24 

Adit  proportion .16 

Permanent  equipment 1 2.35 

Timbering  (1,706  feet) 2.16 

17.01 

Co8t  of  driving  Tunnel  5,  length  1^78  feet. 

[Drtvcn  tlitoii^  medium  hard  to  very  hard  granite  at  an  average  speed  of  120  feet  per 

month.] 

Cost  per  foot 
of  conneL 

EzcftTation $11. 10 

KngtniM*ring .  21 

Adit  proportion .08 

Permanent  eqnipment 2.36 

Timbering  (916  feet) 1. 88 

16.67 

Cost  of  driving  Tunnel  7,  length  8^596  feet. 
(Drlvea  thnn^  Uottte  granite  of  rarlable  hardness  at  an  average  speed  of  140  feet  per 

Cost  per  foot 
of  tunnel. 

fizcavation $13. 55 

Engineering .  27 

Adit  proporUcm .  13 

Permanent  eqnipment 2. 36 

Timbering  (2,000  feet) 3. 60 

19.90 

Ooet  of  driving  Tunt^l  8HSf  for  l^SSi  feet. 

(Diiven  tbnnt^  medimn  hard  to  hard  granite  at  an  avwage  speed  of  135  feet  per  month.] 

Cost  per  foot 
of  tunnel. 

Excavation $12. 82 

Engineering .  19 

Adit  proportion .  18 

Permanent  equipment 2. 86 

Timbering  (128  feet) .  39 

16.98 

Ooet  of  driving  Tunnel  9  for  Sfi06  feet. 

(Driven  through  medium  hard  to  hard  granita  at  aa  average  speed  of  196  feet  per  month.] 

Cost  per  foot 
of  tunneL 

Ezcavation $12. 19 

Engineering .  18 

Adit  proportion .  07 

Permanent  equipment 2. 36 

Timberlag  (806  feet) .  29 


16.08 
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Oo9t  of  driving  Tunnel  10  for  5fiSrt  feet, 
[Driven  through  medlnm  hard  to  hard  granite  at  an  average  q>eed  of  200  feet  per  month.] 

Cost  per  foot 
of  tonneL 

Bxcavatlon J $13. 50 

Engineering .  19 

Pennanent  equipment 2. 35 

Timbering  (194  feet) .11 

16.15 
CoBt  of  driving  Tunnel  lOA-N  for  lJt96  feet. 

[Drivoi  through  medium  hard  to  hard  granite  at  an  average  speed  of  166  feet  per  month.] 

Coat  per  foot 
of  timneL 

Bzcavation fl3. 02 

Engineering .  18 

Permanent  equipment 2. 85 

Timbering  (24  feet) 78 

16.28 
Cost  of  driving  Tunnel  lOA-B  for  tJtOO  feet. 

[Driven  through  medlnm  hard  to  hard  granite  at  an  average  speed  of  200  feet  p«r  montli.] 

Cost  per  foot 
of  nuuieL 

Excavation $12. 87 

Engineering .  20 

Permanent  equipment 2. 85 

Tlmboring  (215  feet)  — 1. 15 

10.07 

GRAPE  VINE  DIVISIOK,  TUNXEL8  12  TO  17B. 

Important  details. 

Location:  Kern  Ck)nnty,  C!aL 

Pnrpose :  Water  supply,  power,  and  irrigation. 

Crom  aection :  See  figure  8,  page  14. 

Sise:  See  figure  8,  page  14. 

l^rpe  of  power:  Electric  power  purchased  from  aqueduct  plant 

Ventilators :  Pressure  blowers. 

Size  of  ventilation  pipe:  12  Inches. 

Drills :  Pneumatic  hammer,  usually  2  in  each  heading. 

Mounting  of  drills:  Horizontal  bar. 

Number  of  holes  per  round:  Usually  18  to  20. 

Average  depth  of  round :  6  to  8  feet 

Number  of  drillers  and  helpers  per  shift :  2  drillers  and  2  helpers. 

Number  of  drill  shifts  per  day :  UsoaUy  2. 

Brplosive :  40  per  cent  ammonia  dynamite,  but  00  per  cent  and  75  per  cent 
gelatin  dynamite  wore  employed  in  hard  ground. 

Number  of  muckers  per  shift :  4  or  5. 

Number  of  mucking  shifts  per  day :  Usually  2. 

Type  of  haulage :  Electric  after  the  first  400  to  600  feet 

Wages:  Drillers  and  heli)er8  $3,  muckers  $2.60,  blacksmiths  H*  helpers  $2JS0, 
motormen  |2.75,  dumpm^  |2.60. 
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009t  of  driving  Twmel  12^  length  4,900  feet. 

[Drtren  througfa  hard  granite  at  an  ayerage  speed  of  185  feet  per  month.] 

Cost  per  foot 
of  fnnneL 

Ezcayation  • $22, 10 

Engineering  • .  32 

Permanent  equipment » 2.85 

Timbering  (90  feet) .08 

24.75 

Cost  of  driving  Tunnel  IS  for  IJStS  feet. 

[DriTen  through  hard  granite  at  an  arerage  speed  of  130  feet  per  month.] 

Cost  per  foot 
of  tunneL 

BzcaTatlon $20. 60 

Engineering i .10 

Permanent  equipment 2. 26 

Adit  proportion .  87 

28.82 

Oo9t  of  driving  Tunnel  H,  length  859  feet. 

Cost  per  foot 
of  tunneL 

Excaratlon $22, 70 

Engineering .13 

Permanent  equipment 2. 26 

Adit  proportion .  72 

Timbering  (22  feet) .16 

25.96 

Cost  of  driving  Tunnel  15,  length  895  feet. 

Cost  per  foot 
of  tonneL 

BxcaTatlGn $28. 28 

Engineering .  11 

Permanent  equipment 2. 26 

Adit  i»oportion 2. 42 

28.06 

Cost  of  driving  Tunnel  16,  length  Z,7tS  feet. 

tBrlTen  through  hard  granite  at  an  aTerage  speed  of  146  feet  per  month.] 

Cost  per  foot 
of  tiinnel. 

BzcaTatlon $20.07 

Engineering .  17 

PennaneDt  equipment 2. 25 

Adit  proportion .  65 

Timbering  (18  feet) .  04 

28.08 

•  These  items  include  the  same  costs  as  for  the  Little  Lake  division.    See  p.  195. 
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C09t  of  drivinff  Tunnel  17,  length  3,024  feet, 

C  _. 
of 

Excavation $20.47 

Engineering. .21 

Permanent  equipment 2. 25 

Timbering  (142  feet) .22 

23.15 

Coat  of  driving  Tunnel  17^  for  1^45  feet. 

[Driven  through  medium  hard  to  hard  granite  at  an  ayerage  speed  of  225  feet  per  month.] 

Cost  per  foot 
of  tunnel. 

Excavation $19.56 

Engineering .  Bl 

Permanent  equipment 2.25 

22.12 

Cost  of  driving  Tunnel  17 A  for  3,275  feet. 

Cost  per  foot 
of  tunneL 

Excavation $18. 70 

EiUgineering .  17 

Permanent  equipment 2.25 

Timbering  (441  feet) 1.18 

22.  dO 

Coat  of  driving  Tunnel  17B  for  4,915  feet. 

Cost  per  foot 
of  numet 

Excavation |21. 09 

Engineering .21 

Permanent  equipment 2. 25 

Timbering  (168  feet) 1.90 

25.45 
ELIZABETH  DIVISION,  ELIZABETH  UlKR  TUNNEL. 

Important  detaUa, 

Location:  Los  Angeles  County,  Gal. 
Purpose:  Water  supply,  power,  and  irrigation 
Cross  section:  Rectangular,  with  arched  roof. 
Size:  12  by  12  feet 
Length:  26,870  feet. 

Type  of  power :  Electric  power  purchased  from  aqueduct  plant 
Ventilator:  Pressure  blower. 
Size  of  ventilating  pipe:  18  inches. 

Drills:  Pneumatic  hammer,  8  in  the  south  heading  and  2  in  the  north. 
Mounting  of  drills :  Horizontal  bar. 

Number  of  holes  per  round :  25  in  the  south  heading,  16  in  the  north  heading. 
Average  depth  of  round :  8  to  10  feet 

Number  of  drillers  and  helpers  per  shift:  2  drillers  and  2  helpers  at  the 
north  end,  3  drillers  and  3  helpers  at  the  south  end. 
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Number  of  drill  shifts  per  day :  3. 

BzploslTe:  40  per  cent  and  60  per  cent  gelatin  dynamite. 
Number  of  muckers  per  shift :  6. 
Namber  of  mucking  shifts  per  day :  3. 
lype  of  haulage:  Eltetrlc. 

Wages:  Drillers  and  helpers  |3,  muckers  $2.60,  blacksmiths  $4,  helpers  92.60, 
motonnen  $2.75,  dump  men  $2.60. 
Maximum  progress  in  any  calendar  month :  604  feet,  April,  1910. 
Average  monthly  progress  per  heading :  360  feet  per  month. 

Co9t  of  driving  the  north  headinff,  EUeaheth  Lake  Tunnel, 
[Driven  through  altered  granite,  requiring  much  timberinsr,  13,370  feet.l 

Cost  per  foot 
of  tonneL 

Drniing  and  blasting S11.26 

Mucking  and  tramming 11.70 

Engineering  and  superintendence 1.27 

Drainage .  45 

YoitUation .  22 

Ught  and  power 5.55 

Timbering  (13,031  feet) 8.48 

Cost  of  auxiliary  shaft .98 

Permanent  equipment  (full  charge,  no  salvage;  estimated) 3. 70 

43.56 

Cost  of  driving  the  south  heading,  Elizabeth  Lake  Tunnel, 

[DriTen  through  medium  hard  to  hard  granite,  requiring  but  little  timbering,  13.600  feet.1 

Cost  per  foot 
of  tnnneL 

Drilling  and  blasting $14.65 

Mucking  and  tramming 11.10 

Engineering  and  superintendence .86 

Drainage .  17 

Yentllatlon .  41 

Light  and  power 4. 93 

Permanent  equipment  (without  saWage;  estimated) 3.70 

Timbering  (3,424  feet) 2.19 

38.01 

LUCANIA  TTTNHXIi. 

Important  details. 

Location :  Idaho  Springs,  Colo. 

Purpose :  Mine  development  and  transportation. 

Cross  section :  Square. 

Sixe:  8  by  8  feet 

Length:  12,000  feet  projected;  6,385  feet  driyen  December  1, 1911. 

Cbaracter  of  rock  penetrated :  Hard  granite. 

TJrpe  of  power :  Purchased  electric  current. 

Yentilator :  Pressure  blower. 

Slse  of  ventilating  pipe:  18  and  19  inches. 
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Drills :  Pneumatic  liammer,  3  in  the  heading. 

Mounting  of  drills :  Vertical  columns. 

Number  of  holes  per  round :  26. 

Average  depth  of  round :  8  to  9  feet 

Number  of  drillers  and  helpers  per  shift :  3  drillers  and  2  helpers. 

Number  of  drilling  shifts  per  day :  1. 

ESxplosive :  50  per  cent  gelatin  dynamite. 

Number  of  muckers  per  shift :  3. 

Number  of  mucking  shifts  per  day :  1. 

Type  of  haulage :  Horses. 

Wages:  Head  driller  $5,  drillers  |4,  nipper  |8.G0,  boss  mucker  $5,  muckers  $4, 
drivers  $4,  power  engineers  $4,  blacksmith  $5. 

Maximum  progress  In  any  calendar  month :  263  feet,  September,  1911. 

Average  monthly  progress :  125  feet  per  month  for  the  first  4,800  feet,  240  feet 
per  month  for  the  last  1,575  feet 

Average  coat  of  driving  first  ^MO  feet. 

Cost  per  foot 
of  ttmneL 

Labor «8. 88 

Powder. 7.86 

Fuse  and  caps .  17 

Candles  and  oil .21 

Horse  feed  and  ahoeingl .18 

Power 1.64 

Repairs .  14 

Tunnel  equiinnent 2. 75 

Surface  plant 1. 25 

23.06 

"Tunnel  equipment**  includes  the  cost  of  materials  and  installation  of  the 
pressure  air  line,  the  ventilating  line,  rails,  ties  and  fittings,  and  the  drainage 
ditch.  ''Surface  plant'*  includes  buildings,  compressor,  blower,  transfbrmers, 
motors,  and  drill  sharpener. 

Co8t  of  driving  newt  IJSIS  feet. 

The  contractor  received  $21.50  per  foot  to  cover  the  cost  of  labor,  powder, 
fuse,  caps,  candles,  oil,  horse  feed  and  shoeing,  power  and  repairs,  and  the 
installation  of  the  tunnel  equipment 

XABSHALL-BUSSELL  TUHNEL. 

Important  details. 

Location:  Empire,  Colo. 

Purpose :  Mine  drainage,  development,  and  transportatlan. 
Cross  section:  Rectangular. 
Size:  8  feet  wide  by  9  feet  high. 

L^gth :  11,000  feet  projected;  6,700  feet  driven  January  1,  1918. 
Character  of  rock  penetrated:  Granite  and  gneiss. 

Type  of  power:  Purchased  electric  current;  also  a  small  aoxiliaiy  hydraulic 
plant 
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VentUator:  Vkbl 

Ste  of  Tentilatliis  pipe:  12  and  13  Inches. 
Drills:  2,  {meomatic  liammer. 
Moantlng  of  drills:  Yortical  colunmo. 
Number  of  boles  per  round :  18  to  20. 
Arerage  depth  of  round :  9  to  10  feet 

Namber  of  drillers  and  helpers  per  shift :  2  drillers  and  2  helpers. 
Number  of  drill  shifts  per  day :  1. 

Explosiye:  40  per  cent  gelatin  djnamite;  with  some,  80  per  cent 
Number  of  muckers  per  shift :  4. 
Number  of  mucking  shifts  per  day :  1. 
Tjpe  ot  haulage:  Horsea 

Wages:  Drillers  |4,  helpers  |8,  blacksmiths  |4,  helpers  |3,  muckers  $3.25, 
tnmmen  IS.75,  dumpmen  $8.25,  power  ^igineer  $3.60,  shooters  $3.25. 
MsTlmum  progress  for  any  calendar  month :  187  feet,  June,  1909. 
Average  monthly  progress:  125  feet 

Cost  of  drMnff  tunnel  6,700  feet. 

Cost  per  foot 
of  tunnel. 

Labor $9. 8T 

PowdM',  fuse,  capSk  and  blacksmith  coal 8.36 

Drills,  steel,  and  repairs  (less  30  per  cent  salvage) 1.34 

Power 1.41 

Permanent  equipment  and  general  expense  (less  30  per  cent  salvage  on 
permanioit  equipment) 3.41 

18.88 
MIB8I0K  TUNNEL. 

Important  details, 

LocatioD:  Santa  Barbara,  GaL 
Purpose:  Water  supply. 
Cross  section :  Trapezoid. 

Siie :  6  feet  wide  at  the  base,  4}  feet  wide  at  the  top,  7  feet  high. 
Length:  19,500  feet 

Character  of  rock  penetrated :  Shale,  slate,  and  hard  sandstone. 
Ventilator :  Pressure  blower. 
81ie  of  ventilating  pipe:  10  Inches. 
Drills:  1  pneumatic  hammer. 
Mounting  of  drills:  Horlsraital  bar. 
Number  of  holes  per  round:  12  to  14. 
Aveim^e  depth  of  round :  7  to  8  feet 
Numbo*  of  drillers  and  helpers  per  shift :  1. 
Number  of  drilling  shifts  per  day:  3. 
BtploBlve :  40  per  c^t  and  00  per  cent  gelatin  dynamite. 
Nmnber  of  muckers  per  shift:  4. 
Number  of  mucking  shifts  per  day :  3. 
Type  of  haulage :  Electric. 

Wages:  Drillers  $3.50,  helpers  $3,  muckers  $2.75,  blacksmiths  $4,  helper  $3, 
motormen  $2.75,  dumpmen  $2.50,  power  engineers  $2.75. 
Maximum  progress  in  any  calendar  month :  414  feet  February,  1911. 
Average  monthly  progress:  210  feet 
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Cost  of  driving  the  south  portal^  Mission  Tunnel,  May,  1909,  to  September^  1911, 

5,51$  feet. 

Cost  per  foot 
of  taimeL 

Administration $1- 14 

Labor J 9. 20 

Power 2. 12 

Explosiyes 1. 97 

Timbering  (563  feet) .80 

Track  and  pipe !•  22 

Miscellaneous  supplies 2. 46 

Drill  parts  (Including  steel) 1.02 

Bonus  .  48 


19.91 

"Administration'*  includes  superintendence,  office  supplies,  and  general 
cliarge&  ''Miscellaneous  supplies"  Includes  candles,  light  globes,  shovels, 
picks,  blacksmiths*  supplies  and  fuel,  and  machinists'  supplier 

NEWHOXTSE  TUNNEL. 

Important  details. 

Location:  Idaho  Springs,  Colo. 
Purpose:  Drainage  and  transportation. 
Cross  section:  Square. 
Size :  8  by  8  feet 
Length:  22,000 feet 

Character  of  rock  penetrated :  Idaho  Springs  gneiss. 
Type  of  power :  Purchased  electric  current 
Ventilator:  Pressure  blower. 
Size  of  yentilating  pipe:  18  inches. 
Drills:  Pneumatic  hammer. 
Mounting  of  drills :  Vertical  column. 
Number  of  holes  per  round :  14  to  22. 
Number  of  drill  shifts  per  day :  1  and  2. 

Explosive :  40  per  cent  gelatin  dynamite,  with  some  1(X>  per  cent  in  the  cut  liolea 
Number  of  muckers  per  shift :  8. 
Number  of  mucking  shifts  per  day :  1  and  2. 
Type  of  haulage:  Electric. 

Wages:  Drillers  $4  to  $4.60,  helpers  $3.26  to  $4,  muckers  $8.60,  motormen 
$8.60,  dumpmen  $8,  blacksmiths  $8.60  to  $4.60,  helpers  $8. 

Cost  of  driving  the  NetoTiouse  Tunnel. 

Jan.  to  Aug.,  Sept  to  Dec,  Apr.  to  Aug., 
1909,  1909.  1910r 

2,288  feet      1,098  ifeet  698  feet. 

Labor   1 $6.72  $8.98  $11.73 

Explosives 4.16  3.62  4.67 

Fuse  and  caps .30  .36  .44 

Transportation  of  materials  broken 1.49  1.47  2.22 

Power 1.99  2.16  2.82 

Blacksmlthing 1. 67  2. 61  2. 00 

Use  of  drills,  repairs  and  steel 1. 60  2. 74  2. 86 

Equipment  ties,  rails,  pipe,  etc 1. 74  1. 78  Z 19 

Sundries .79  .80  1.85 


20.84  22.42  80.68 
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&AWI.BY  TXTNHEL. 

Important  detaiU. 

Location:  Bonanza,  Colo. 

Purpose :  Mine  drainage  and  dey^opment. 

Cross  section:  Trapezoidal 

Size :  8  feet  wide  at  the  base,  7  feet  wide  at  the  top,  7  feet  high. 

Length :  6,285  feet 

Character  of  rock  penetrated :  Tough,  hard  andesite. 

Type  of  power :  Steam  with  wood  for  fuel. 

Ventilator:  Pressure  blower. 

Size  of  Tentllatlng  pipe :  12  and  18  Inches. 

Drills:  2  pneumatic  hammer. 

Mounting  of  drills:  Horizontal  bar. 

Number  of  holes  per  round :  23  to  25. 

Average  depth  of  round :  8  to  9  feet  at  first,  5  to  6  feet  later. 

Number  of  drillers  and  helpers  per  shift :  2  drillers  and  2  helpers. 

Number  of  drill  shifts  per  day :  2  at  first,  8  later. 

Explosive:  40  per  cent  and  60  per  cent  gelatin  dynamite  (in  the  proportion 
of  about  2  to  1). 

Number  of  muclsers  per  shift :  4. 

Number  of  muclclng  shifts  per  day :  2  and  8. 

Type  of  haulage:  Horses  and  mules. 

Wages:  Drillers  $4.50,  helpers  13.75,  muckers  $8.50,  blacksmiths  $4.60,  driv- 
ers $SJSO,  power  engineers  $4. 

Maximum  progress  in  any  calendar  month :  586  feet,  July,  1012. 

Average  monthly  progress:  Approximately  350  feet. 

Cost  of  driving  the  tunnel  6^5  feetfl 

Cost  per  foot 
of  tunnel. 

Drilling  and  firing $5.25 

Mucking 2.  It) 

Tramming 1.13 

Track  and  pipe .44 

Miscellaneous  underground  expenses 1. 44 

Power  plant 2. 50 

Blacksmlthing .  73 

Miscellaneous  surface  work .83 

General  expenses 1.98 

Permanent  plant 3. 24 

Timbering  (1,618  feet) 1.18 

Boarding  house,  debit  balance .04 

20.98 
Credit  by  salvage  on  permanent  plant 1. 11 

lfi|,87 

"Drilling  and  firing"  includes  labor,  powder,  fuse,  caps,  supplies,  and 
repaira  "Mucking,"  "Tramming,"  and  "Track  and  pipe"  include  labor  and 
supplies.  "Miscellaneous  underground  expenses"  Include  wages  of  foremen, 
onderground  telephone,   etc     "Power   plant"   Includes   labor,   supplies,   and 

*k  more  detaUed  statement  of  the  coet  of  this  tunnel  may  be  found  in  an  article 
entitled  "A  problem  In  mining,  together  with  some  data  on  tunnel  driving,"  by  F.  M. 
Blmmons  and  E.  Z.  Burns,  Bull.  Am.  Inst.  Min.  Eng.,  March,  1918,  p.  860. 
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fueL  '* BlacksmlthiDg "  and  " MlscellaneouB  surface  work"  include  labor  and 
supplies.  "General  expenses"  include  salaries,  office  supplies,  telephone,  etc. 
'< Permanent  plant"  Includes  machinery  and  buildings,  with  labor  of  installa- 
tion, steel  rails,  permanent  supplies,  and  repairs.  "Timbering"  Includes  labor 
and  supplies.  The  salvage  of  the  permanent  plant  is  approximately  50  per  c«at 
on  salable  articles,  such  as  machinery,  rails,  cars,  etc. 

BOOSEVELT  TUNNEL. 
Important  details. 

Location :  Cripple  Creek,  Colo. 

Purpose :  Mine  drainage. 

Cross  section :  Rectangular,  with  large  ditch  at  the  side. 

Size :  10  feet  wide  by  6  feet  high. 

Length:  15,700  feet 

Character  of  rock  penetrated:  Pikes  Peak  granite,  chiefly. 

Type  of  power:  Purchased  electric  current. 

Ventilator :  Pressure  blower. 

Size  of  ventilating  pipe :  16  and  17  inches. 

Drills :  3  pneumatic  hammer. 

Mounting  of  drills :  Horizontal  bar. 

Number  of  holes  per  round :  24,  usually. 

Average  depth  of  round :  6  to  7  feet. 

Number  of  drillers  and  helpers  per  shift :  3  drillers,  2  helpers. 

Number  of  drill  shifts  per  day :  3. 

Explosive :  40  per  cent,  60  per  cent,  and  some  100  per  cent  gelatin  dynamite. 

Number  of  muckers  per  shift :  4,  usually. 

Number  of  mucking  shifts  per  day :  8. 

Type  of  haulage :  Horses  and  mules. 

Wages:  Drillers,  $5;  helpers,  $4;  muckers,  |3.50;  power  engineer,  $4;  black- 
smith, $5;  helper,  $3.50;  dump  man,  $3.50;  drivers,  inside,  $5,  outside,  $4. 

Maximum  progress  in  any  calendar  month :  435  feet,  portal  heading,  January, 
1909. 

Average  monthly  progress:  Portal  heading,  300  feet;  shaft  headings,  270 
feet ;  all  headings,  285  feet 

Coat  of  driving  tunnel. 

Total  cost  of  portal  work -. $111,960.06 

Contractor's  percentage 11, 404. 88 

Cost  of  shaft  headings 262, 126. 65 

Total  cost  of  tunnel 386,421.49 

Number  of  feet  driven 14,107 

Average  cost  per  foot $27. 27 

Cost  of  driving  the  portal  heading. 

1908:  ^'^t       Cost  per  fbot 

February  and  March 514  $22,690 

April 262  30. 970 

May 268  28.760 

June 187  35.010 

July 208  29.600 

August 300  2L  760 
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190S— CQntlnaed.  Feet.      Cort  per  foot 

September 361  $19. 600 

October 287  23.000 

NoTember ^ 360  21.120 

December 334  18.350 

1909: 

Janiury 436  16. 410 

February  200  22.206 

March 340  21.746 

April 316  21. 266 

May 402  18. 762 

Jmie  (8  days) 62  40.600 

Co9t  of  driving  shaft  headings. 

1906: 

October  (2  headings) i 49  $105.62 

November  (2  headingB) 141  44.88 

December  (2  headings) 177  40.11 

1909: 

January  (2  headings) 261  24.06 

February  (2  headings) 601  23.70 

March  (2  headings) 639  26.256 

April  (2  headings) 670  25.02 

May  (2  headings) 652  28. 34 

Jnne  (2  headings) 498  27.376 

Joly  (1  heading) 319  82.  871 

Augost  (1  heading) 410  27.747 

September  (1  heading) 355  82.40 

October  (1  heading) 380  28.178 

Norember  (1  heading) 298  84.20 

December  (1  heading) 251  35.153 

1910: 

January  (1  heading) 282  28.82 

F^raary  (1  heading) 259  30.636 

March  (1  heading) 344  27.62 

April  (1  heading) 376  26.313 

May  (1  heading) 893  24. 856 

Jone  (1  heading) 373  26.616 

July  (1  heading) 350  26. 247 

August  (1  heading) 372  25.029 

September  (1  biding) 342  28.46 

October  (1  heading) 372  27.361 

November  (1  heading) 192  27.786 

Typical  distfifnttUm  of  expenses,  portal  heading,  July,  1908,  203  feet 

Cost  per  foot 
of  tanneL 

Machinery  and  repairs $0.61 

Air  drills  and  parts .9t 

PlcU,  shovels,  and  steel 1.90 

Ditch  men 1.09 

Bzploetves 6.90 

.36 

17164'— Bull.  OT— 14 ^14 
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# 

Cost  per  foot 
of  ninneL 

Oil  and  waste $0.09 

Electric  power 2.06 

Blackamltli  suppllefl .09 

General  expense .16 

Liability  insurance .17 

Lumber,  ties,  and  wedgeH .01 

Horses  and  feed .01 

Compressor  men  _i L  79 

Drillers  and  helpers 4.21 

Blacksmiths  and  helpers 3.43 

Muckers  and  drivers 4.11 

Foremen 150 

Bookkeeper .12 


29.60 

Typical  dUtrilmtion  of  expenses,  shaft  heading,  February,  1910^  259  feet. 

Coat  per  foot 
of  numel. 

Maintenance  of  buildings,  tents,  etc $0,096 

Machinery  and  repairs 1.158 

Air  drills  and  parts L930 

Shovels,  picks,  and  steel 1.930 

Pipe  and  fittings .193 

Ditch  men 1 1.480 

Explosives 6.082 

Lamps  and  candles .217 

Oil  and  waste .252 

Electric    power 2. 440 

Blacksmith  supplies .  150 

Liability  insurance .  213 

General  expense .342 

Lumber,  ties,  and  wedges .119 

Horses  and  feed .324 

Machine  men  and  helpers 4.05O 

Muckers 3.065 

Blacksmiths  and  helpers 1.362 

Engineers 1.300 

Pipe  and  track  men .675 

Drivers  and  dump  men 2.355 

Foremen 1753 

Mine  telephone .008 

Bookkeeper .193 

90.686 
STILWELL  TUNNEL. 
Important  detaiU. 

Location:  Tellurlde,  Golo. 
Purpose:  Mine  drainage  and  development 
Cross  section :  Square*  with  ditch  at  side. 
Size:  7  by  7  feet 
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Length:  2,960  feet 

Character  of  rock  poietrated :  Conglomerate  and  andesita 

Type  of  power :  PnrchaBed  electric  current. 

Ventilator:  Fan. 

Sixe  of  ventilatiiig  pipe :  10  inches. 

Drills:  Started  with  electric  drills,  finished  with  pneumatic  piston  drills,  using 
2  in  the  heading. 

Mounting  of  drills :  Vertical  columns. 

Number  of  holes  per  round :  16. 

Arerage  depth  of  round :  6  to  6i^  feet. 

Number  of  drillers  and  helpers  per  shift :  2  drillers  and  2  helpers. 

Number  of  drill  shifts  per  day :  1. 

Ezplosiye:  40  per  cent  gelatin  dynamite.  ^ 

Number  of  muckers  per  shift :  3. 

Number  of  mucking  shifts  per  day :  1. 

Type  of  haulage:  Horses. 

Wages:  Drillers  $4.50,  helpers  $4,  muckers  and  trammers  |8.50,  black- 
smith |4JX>. 

Maximum  progress  in  any  calendar  month :  170  feet,  August,  1904. 

Average  monthly  progress:  150  feet  (last  10  months). 

Cost  of  driving  the  tunnel. 

Cost  per  foot 
Feet,     of  tonnel. 

1901 12  $23. 88 

1901-2 490  22. 98 

1902-^ 377  27. 94 

1903-4 702  21. 09 

1904-5 1, 077  21. 19 

1905 292  30. 37 

Average  for 2,950  23.38 

These  costs  include  all  labor,  supplies,  repairs,  powder,  fuse,  caps,  candles, 
tools,  lubricants,  and  general  expenses,  and  the  total  value  of  the  electric-drill 
plant  with  which  the  tunnel  was  started,  and  the  total  value  of  the  air-drill 
I^ant  which  succeeded  it,  together  with  tunnel  buildings,  pipe,  rails,  and  the 
voitilator,  with  no  credit  for  salvage  on  any  of  this  permanent  equipment. 

The  fiscal  year  dated  from  September  30. 

The  tunnel  was  driven  in  1901-3  with  electric  drills,  and  the  high  cost  for 
1905 292  30. 37 

STBAWBEBBY  TUNNEL. 

Important  details, 

Location :  Utah  and  Wasatch  Counties,  Utah. 

Purpose :  Irrigation  and  reclamation. 

Cross  section :  Straight  bottom  and  walls,  with  arched  roof. 

Size:  8  feet  wide  by  9|  feet  high. 

Length :  19400  feet. 

Character  of  rock  penetrated:  Limestone  with  interbedded  sandstone,  and 
sandstone  with  interbedded  shale. 

Type  of  power:  Electric  power  generated  in  a  hydraulic  plant  operated  in 
connection  with  the  tunnel.  Distance  of  transmission  from  west  portal  to 
power  bouse  approximately  23  miles. 
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Ventilator :  Pressure  blower. 
Size  of  ventUating  pipe :  14  inche& 
Drills :  Piston  pneumatic,  usually  2  In  the  heading. 
Mounting  of  drills :  Vertical  columns 
Number  of  holes  per  round :  16  to  18. 

Number  of  drillers  and  helpers  per  shift :  2  drillers  and  2  helpers. 
Number  of  drill  shifts  per  day :  3. 
Explosive :  40  per  cent  gelatin  dynamite. 
Number  of  muckers  per  shift:  6. 
Number  of  mucking  shifts  per  day :  3. 
Type  of  haulage :  Electric  after  first  2,000  feet 

Wages:  Drillers  $3.50,  helpers  $3.25,  muckers  $2.75,  motormen  $3.25,  brake* 
men  $2.75;  ilaeksmiths  $4,  helpers  $2.75. 
Maximum  progress  In  any  calendar  month :  500  feet,  November,  1910. 
Average  monthly  progress :  320  feet  per  heading. 

Co8t  of  4rMnff  the  twmel. 

West  heading:  Feet.    ^?ftonneL* 

Previous  to  1909 1,613  $60.05 

During  1009 3,892  33.58 

During  1910 5,021  30.56 

During  1911 3,491  41.52 

January  to  July,  1912u 2, 382  36. 79 

East  heading,  October,  1911,  to  July,  1912 2, 682  33. 04 

Average  for 19,081  86.78 

Detailed  coat  of  driving  the  west  heading  for  the  year  1909,  S,892  feet. 

-    .  Cost  per  foot 

Labor:  of  tunneL 

Engineering $0. 40 

Superintendence .  73 

Shift  bosses 1. 22 

Timekeepers .36 

Drillmen  and  helpers 3.15 

Miners  (for  handwork,  trimming,  etc.) .23 

Muckers 2. 96 

Track  and  dump  men .74 

Mule  drivers .39 

Motormen  and  brakemen .44 

Electricians  and  blower  men .07 

Disabled  employees .19 

Tlmbermen .  22 

Miscellaneous .  40 

$11.59 

Materials : 

Powder,  fuse,  caps,  etc 3.08 

Lumber .  29 

Oils,  candles,  etc .22 

Ventilating  pipe .  64 

Track,  including  ties .  68 

Pressure  air  pipe .40 

Drill  repair  parts  (including  hose) .18 

Miscellaneous .  19 

6.68 
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^      ,  Cort  per  foot 

Repain:  of  tanneL 

Machine-ahop  expenae  (Inclodlng  labor  and  suppllea) $0.03 

Bladtemltb-ahop  expenae  (including  labor  and  suppllea) 1.22 

$2.16 

Power  (all  purpoaea) 7.66 

Depreciation : 

Haulage  equipment .09 

Cittieral  equipment 1.  (X) 

1.09 

General  expenae 3.96 

C^amp  expoiae 1.21 

Corral  expenae .  25 

5.42 

Total 88.68 

'*  Genonl  expenae "  indudea  a  proportionate  charge  for  the  expenses  of  the 
ProTo  oflSce,  auch  as  salaries,  stationery,  telephone,  and  supplies ;  also  a  propor- 
tionate charge  for  the  expenaea  of  the  Washington,  the  Chicago,  and  the  super- 
vising engineer's  oflicea.  The  Provo  office  covers  approximately  68  per  cent  of 
tills  charge,  the  Washington  office  23  per  cent,  the  Chicago  office  2  per  cent,  and 
Uie  suporislng  engineer's  office  7  per  cent. 

DetaUed  coat  of  driving  the  west  heading  for  the  year  1910,  5,021  feet, 

-  ,  CoBt  per  foot 

I^bor:  of  ttmuel. 

Engineering 1 fO.  61 

Superintendence .  60 

Shift  boaaea 1. 26 

Timeiceepera .  22 

Drillmen  and  helpera 2. 86 

lilners .  28 

Muclsera 2.93 

Track  and  dump  men .71 

Motormen  and  brakemen 1. 49 

Electricians  and  blower  men .  13 

Disabled  employeea .  16 

Timbermen .  28 

Miscellaneous .  07 

»11.68 

Materials: 

Powder,  fuse,  capa,  etc 8. 52 

Lumber .  22 

Oils,  candles,  etc .20 

Ventilating  pipe .  66 

Track,  Including  tlea .  74 

Preasure  air  pipe .  28 

Drill  repair  parts  (including  hose) .24 

Miscellaneoua .  07 

5.92 

Repairs: 

Macfaine-ahop  expenae  (including  labor  and  supplies) .90 

Blackamith-ahop  expense  (including  labor  and  supplies) 1.23 

2.13 

Power  (all  purposes) 6. 70 
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Depreciation:  of  £iiieL 

Haulage  equipment |0. 20 

General  equipment 1.00 

»1.20 

General  expense 3.32 

Gamp  expense .63 

Corral  expense .08 

4.08 

Total 30.56 

Detailed  coat  of  driving  the  west  heading,  fw  the  year  1911,  9^19  feet. 

.   .  Colt  per  foot 

Labor:  oftam^ 

Engineering $0. 46 

Superintendence .  82 

Sbitt  bosses 1. 66 

Timekeepers .  38 

Drillmen  and  helpers 4.0T 

Miners .  87 

Muckers 5.18 

Track  and  dump  men 2.00 

Motormen  and  brakemen 1.87 

Electricians  and  blowermen .08 

Disabled  employees .48 

Timbermen 1. 72 

Miscellaneous .  06 

$19.07 

Materials : 

Powder,  fuse,  caps,  etc 2.61 

Lumber .  80 

Oils,  candles,  etc .43 

Ventilating  pipe .  77 

Track,  including  ties 1.62 

Pressure  air  pipe .36 

Drill  repair  parts  (including  hose) .84 

Miscellaneous .  25 

7.08 

Repairs: 

Machine-shop  expense  (including  labor  and  supplies) 2.16 

Blacksmith-shop  expense  (including  labor  and  supplies) 1.54 

8.70 

Power  (all  purposes) 6.20 

D^reciation : 

Haulage  equipment J —    1.86 

General  equipment .60 

2.86 

General  expense 3.00 

Gamp  expense 1.10 

Corral  expense .  02 

4.12 

Total 41.62 
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Detailed  oo9t  of  drMnff  the  west  headinff,  January  to  July,  1912,  2^82  feet. 

T^t^^  Cost  per  foot 

Labor:  of  tunnel. 

Baglneering $0. 36 

Superinteadenoe .  56 

Shift  bosses 1. 08 

Timekeepers ,  26 

Drillmen  and  helpers 3.08 

Miners .  43 

Muckers 4.05 

Track  and  dump  men 1. 55 

Motormen  and  brakemen 1. 33 

Electricians  and  blowermen .  18 

Disabled  employees .48 

Timbermen 2. 60 

$16. 85 

Materials: 

Powder,  fuse,  caps,  etc 2. 72 

Lumber 2. 13 

Oils,  candles,  etc .32 

Ventilating  pipe .  70 

Track,  including  ties 1.51 

Pressure  air  pipe .30 

Drill  repair  parts  (including  hose) .32 

Miscellaneous .  30 

a39 

Bepairs: 

Machine  shop  (including  labor  and  supplies) 1. 39 

Blacksmith  shop  (including  labor  and  supplies) 1.02 

2.41 

Power  (all  purposes) 3.75 

Depreciation : 

Haulage  equipment 2.20 

Cieneral  equipment .  50 

2.70 

General  expense 1.90 

Gamp  expense .  79 

2.69 

T6tal 36.79 


_    .  Cost  per  foot 

Labor:  of  tuni 


DetaUed  cost  of  driving  the  ecLst  heading,  October,  1911,  to  July,  1912,  2,6 

feet. 

Coat  __. 

tunnel. 

Eugineering $0.49 

Superintendence .77 

Shift  bosses 1. 36 

Timekeepers  .31 

Drillmen  and  helpers 3.62 

Muckers 4. 03 

Track  and  dump  men 2.00 

Mule  drivers .  89 

Timbermen  1.80 

Electricians  and  blowermen .  30 

Disabled  employees .09 

Miscellaneous .21 

$15. 87 
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Materials:  ^^  fiJnS^ 

Powder,  fuse,  caps,  etc • $2.07 

Lumber .88 

Oils,  candles,  etc .  36 

YeatUating  pipe .46 

Track,  including  ties .56 

Pressure  air  pipe .12 

Drill  repair  parts  (including  hose) .38 

Miscellaneous .  21 

$5.68 

Repairs: 

Machine  shop  expenses  (labor  and  supplies) .62 

Blacksmith  shop  expenses  (labor  and  supplies) .65 

1.27 

Power  (all  purposes) 8.21 

Depreciation : 

Hai]aage  equipment .47 

General  equipment 1.02 

1.49 

General  expenses 1.86 

Gamp  expenses 1.35 

Corral  expenses .85 

4.16 

Pumping  (labor  and  material) 1.86 

Total 88.04 
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UNDEBGBOTTNB  PASSAGEWAYS  07  AKCIBNT  BACES. 

The  art  of  excavating  underground  passageways  has  been  known 
to  mankind  for  many  centuries.  The  ancient  Egyptians  and  Hindus 
employed  it  in  the  creation  of  many  wonderful  subterranean  temples 
and  sepulchers  in  hard  rock,  and  similar  monuments  are  found  in 
the  works  of  the  Hebrews,  Oreeks,  Etruscans,  Romans,  Aztecs,  and 
Peravians — ^in  fact,  of  all  ancient  civilized  peoples. 

EGYPTIAN  TEMPLES  AND  TOMBS. 

It  is  not  surprising  that  the  Egyptians,  with  their  wonderful 
knowedge  of  quarrying  as  well  as  of  many  other  useful  arts,  should 
have  been  versed  in  methods  of  underground  rock  excavation.  Re- 
mains of  their  work,  some  of  which  dates  back  to  1600  B.  C,  may 
be  found  in  the  grottos  of  Samoun,  the  tombs  near  Thebes  and 
Memphis,  the  catacombs  of  Alexandria,  and  the  temples  of  Ipsam- 
boul.  A  gigantic  tomb  has  been  found  at  Abydos,  which  was  cut 
in  the  solid  rock  during  the  Xllth  dynasty  by  Senwosri  III;  also 
Barneses  II,  who  is  perhaps  the  best  remembered  personage  of  these 
ancient  times,  constructed,  either  because  of  vanity  or  the  great 
length  of  his  reign,  many  rock-cut  temples,  the  grandest  of  which 
is  probably  that  of  Abu  Simbel. 

The  work  was  performed  with  hand  tools  aad  the  labor  necessary 
to  have  fashioned  monuments  of  such  magnitude  and  grandeur  must 
have  been  stupendous.  For  cutting  granite  and  other  hard  rock, 
the  workmen  used  saws  of  copper  which  were  either  fed  with  emery 
powder  or  were  set  with  teeth  of  that  abrasive.  A  similar  method 
was  employed  as  early  as  the  IVth  dynasty  for  circular  holes,  which 
were  drilled  by  a  tube  having  fixed  teeth  or  fed  with  emery  powder. 
For  removing  rock  in  a  quarry  or  in  a  tunnel,  grooves  varying  in 
width  tram  4  to  20  inches  were  made  on  four  sides  of  a  block,  which 
was  then  broken  out  by  the  swelling  action  produced  by  soaking  with 
water  a  number  of  wooden  wedges  driven  into  these  grooves. 

HINDU  CAVES  AND  TEMPLES. 

The  excavations  in  India  probably  number  at  least  1,000,  the  ma- 
jority of  which  are  of  Buddhist  origin.  They  are  usually  of  two 
types — chapels  and  monasteries.    The  chapels  consist  of  a  nave  with 

215 
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a  vaulted  roof,  separated  from  the  side  aisles  by  columns,  and  con- 
taining a  small  chapel  at  the  inner  circular  end.  The  monasteries 
consist  of  a  hall  surrounded  by  a  number  of  cells  for  the  residence 
of  monks  and  ascetics. 

Most  of  the  Indian  excavations  are  of  much  later  date  than  those 
in  Egypt.  The  earliest,  the  Sudama  or  Nigope  cave,  was  constructed 
probably  about  260  B.  C,  the  Lomas  Rishi  was  built  about  200  B.  C, 
and  those  of  Nassick  about  129  B.  C.  These  earlier  caves  imitated 
very  closely  contemporaneous  timber-roofed  temples,  and  for  this 
reason  the  columns  all  slope  inward,  copying  with  great  fidelity 
of  detail  the  rafter  supports  of  the  wooden  temples.  In  the  Karli 
caves  (about  78  B.  C.)  this  feature  is  absent;  the  columns  of  the 
nave  are  quite  plumb  and^the  perfection  of  architecture  and  orna- 
mentation is  unsurpassed  by  any  of  the  later  Hindu  rock  temples. 
The  galleries  and  rooms  of  the  caves  of  EUora  contain  a  total  of 
nearly  5  miles  of  subterranean  work.  Although  the  builders  may 
possibly  have  known  of  gunpowder,  it  was  not  used  in  the  construc- 
tion of  these  tunnels,  which,  like  all  the  preceding  works,  were 
accomplished  laboriously  with  hand  tools  and  probably  by  slave 
labor.  The  caves  of  Salsette  belong  to  the  sixth  century  A.  D., 
whereas  those  at  Elephanta  were  constructed  about  800,  and  the 
Gwalior  temples  were  excavated  still  later,  during  the  fifteenth 
century. 

GBECIAN  TUNNIXJS  AND  MINES. 

Modem  archeeological  investigation  indicates  that  tunneling  was 
possibly  known  to  the  Minye,  an.  ancient  Grecian  people  dating 
back  beyond  2000  B.  C,  whose  cycle  of  myths  includes,  among  others, 
that  of  the  Argonautic  expedition.  A  series  of  shafts,  i.6  in  all, 
are  to  be  seen  near  Lake  Kopais,  in  BoBotia,  which  are  supposed  to 
have  been  constructed  by  these  peoples  for  the  ventilation  of  an 
ancient  drainage  tunnel.  The  shafts  are  200  to  1,000  feet  apart, 
6  to  9  feet  wide,  and  have  a  maximum  depth  of  100  feet.  The  tun- 
nel was  probably  the  enlargement  of  a  natural  watercourse,  such 
as  are  commonly  found  in  similar  calcareous  rocks.  Krates,  of 
Chalkis,  a  mining  engineer  who  lived  in  the  time  of  Alexander  the 
Great,  is  credited  historically  with  an  attempt  to  drain  this  lake  by 
utilizing  and  enlarging  natural  watercourses. 

Although  the  exact  date  of  the  introduction  of  mining  into  Attica, 
probably  from  the  Orient,  is  unknown,  it  seems  to  have  been  subse- 
quent to  the  time  of  Solon  (about  600  B.  C).  By  489  it  is  certain 
that  the  silver  mines  of  Laurium  were  yielding  a  highly  satisfactory 
return,  and  at  the  instigation  of  Themistocles  the  net  prints  from 
them  were  applied  by  the  Athenians  to  the  construction  of  a  fleets  so 
that  these  mines  no  doubt  contributed  largely  to  the  prosperity  and 


Digitized  by  LjOOQIC 


THE  HISTORY  OF  TUNNEUNG.  217 

power  of  Athens.  The  workings,  approximately  2,000  in  all,  con- 
sisted of  shafts  and  galleries  in  which  the  rocks  were  hewn  out  with 
band  tools  and  brought  to  the  surface  on  the  backs  of  slaves.  Air 
was  supplied  to  the  large  underground  stopes  or  chambers  by  venti- 
lating shafts  about  6  feet  square  and  65  to  400  feet  deep. 

Gold  was  mined  in  Macedonia  and  Thrace  at  least  as  early  as  the 
fifth  century  B.  C,  and  Herodotus  mentions  a  tunnel  in  the  island 
of  Samos,  built  in  the  sixth  century,  which  was  8  by  8  feet  in  cross 
section  and  nearly  a  mile  long. 

AZTEC    MIKES. 

The  Aztecs  were  well  acquainted  with  mining,  and  they  obtained 
copper  from  the  mountains  of  Zactollan;  the  mines  of  Tasco  fur- 
nished silver,  lead,  and  tin;  and  the  extensive  galleries  and  other 
traces  of  their  labor  were  of  great  assistance  to  the  early  Spanish 
miners.  With  no  knowledge  of  iron,  although  iron  ore  was  very 
abandant)  their  best  tools  were  made  of  an  excellent  substitute  in 
the  form  of  an  alloy  of  copper  and  tin.  With  tools  of  this  bronze 
they  could  not  only  carve  the  hardest  metals,  but  with  the  aid  of 
powdered  silica  they  could  cut  the  hardest  minerals,  such  as  basalt- 
porphyry,  and  even  amethyst  and  emerald. 

PERUVIAN    MINES. 

Although  the  mines  of  the  ancient  Peruvians  were  little  more 
than  caverns  excavated  in  the  steep  sides  of  the  mountains,  never- 
theless diey  knew  of  the  art  of  tunneling,  as  is  shown  by  the  tunnels 
of  their  aqueducts  and  by  the  extensive  tmmel  that  they  built  to 
drain  Lake  Coxamarco.  They,  too,  had  no  knowledge  of  iron, 
and  their  tools  were  made  of  an  alloy  of  copper  and  tin,  which  they 
probably  discovered  quite  independently  of  the  Aztecs,  whom  they 
rivaled  also  in  the  cutting  of  gems. 

KOMAN  TUNNELS. 

The  Bomans,  however,  were  undoubtedly  the  greatest  tunnel  build- 
ers of  early  history.  They  drove  tunnels  for  passage,  drainage, 
water  supply,  and  mining,  not  only  in  Italy  but  wherever  their  con- 
quests led  them,  as  is  evidenced  both  by  records  and  by  old  workings 
left  behind  in  the  countries  they  dominated.  One  hardly  needs  to 
mention  the  numerous  aqueduct  tunnels  and  sewers  of  the  ancient 
city  of  Rome,  some  of  which  are  in  use  to-day,  attesting  the  ability 
of  the  Bomans  in  thit  branch  of  engineering.  Remains  of  their  work, 
many  of  them  remarkably  well  preserved,  have  been  found  in  France, 
Switzerland,  Portugal,  Spain,  Algiers,  and  even  Constantinople. 
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Their  tunnels  were  of  no  mean  size.  A  road  tunnel  near  Naples, 
constructed,  according  to  Strabo,  about  86  B.  C.,  was  approximately 
4,000  feet  long,  30  feet  high,  and  25  feet  wide.  About  859  B.  C. 
Lake  Albanus,  which  lies  about  15  miles  southeast  of  Borne,  was 
tapped  for  its  supply  of  dear  water  by  a  tunnel  over  1  mile  long,  8 
feet  high,  and  5  feet  wide.  Possibly  the  greatest  Roman  tunnel  was 
driven  by  the  Emperor  Claudius  to  drain  the  overflow  waters  from 
Lake  Fucinus,  which  is  situated  about  75  miles  nearly  due  east  of 
Rome  and  has  no  natural  means  of  outlet  This  tunnel,  completed 
in  52  A.  D.,  after  11  years'  labor,  is  over  3  miles  long  and  was  de- 
signed to  be  19  feet  high  and  9  feet  wide ;  but  it  appeared  to  have 
been  even  larger  than  this  when,  in  1862,  it  was  reopened  to  obtain 
valuable  land  beneath  the  lake. 

These  works  seem  all  the  more  marvelous  when  one  considers  the 
primitive  methods  available  at  that  time.  Explosives  were  unknown 
and  machinery  was  not  then  used  in  mining.  Rock  openings  were 
usually  made  by  chipping,  by  channeling  and  wedging  as  in  Egypt, 
or  by  cutting  large  grooves  around  the  block  to  be  excavated,  using 
hand  tools  made  of  iron,  copper,  and  bronze,  although  it  is  quite  pos- 
sible that  for  certain  classes  of  stone  cutting  diamonds  or  some  simi- 
larly hard  minerals  were  employed  in  conjunction  with  primitive 
tube  drills  and  saws.  These  methods  were  often  supplemented  by 
fire  setting,  a  method  chiefly  employed,  however,  in  the  large  cham- 
bers or  stopes  and  not  well  adapted  for  driving  small  tunnels.  It 
consists  simply  of  heating  the  rock  to  a  very  high  temperature  and 
quenching  suddenly  with  water  (or  s(»netimes  with  vinegar  in  cal- 
careous rocks),  producing  shattering  and  disintegration  because  of 
sudden  contraction.  Many  writers  have  described  the  intense  and 
fearful  sufferings  of  men  engaged  in  this  work,  usually  slaves  and 
prisoners  of  war,  who  perished  by  the  thousands — a  fact,  however, 
of  little  concern  to  the  ancient  builders. 

The  value  of  Spain  as  a  storehouse  of  precious  metals,  offsetting 
somewhat  the  influence  of  eastern  wealth,  was  well  appreciated  by 
Roman  leaders,  and  an  armed  force  for  the  protection  of  the  mines 
was  maintained  there  constantly,  in  many  cases  at  the  cost  of  serious 
political  and  financial  embarrassment  at  home.  In  southern  Spain, 
where  the  numerous  silver  and  copper  mines  contained  much  water, 
Roman  tunnels  are  very  common.  They  are  remarkable  for  their 
small  size,  being  usually  about  5  feet  in  height  and,  where  timbered, 
16^  to  36  inches  in  width.  One  adit,  as  far  as  explored,  has  a  length 
of  1,850  feet  and  a  maximum  depth  of  183  feet,  and  another  is  2,300 
feet  long  and  has  a  maximmn  depth  of  215  feet. 

As  nearly  as  can  be  ascertained  to-day  from  discoveries  in  them 
of  various  objects  of  interest,  including  coins,  it  is  certain  that  these 
adits  must  have  been  driven  very  early  in  the  Christian  era.    Toward 
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the  latter  end  of  the  period  in  which  these  particular  tunnels  were 
used  by  the  Bomans  attempts  were  made  to  work  the  ore  bodies 
below  them  by  raising  water  from  the  lower  stopes  by  means  of 
slave-operated  water  wheels. 

As  artificial  ventilation  by  means  of  blowers  was  at  that  time  un- 
known, like  most  of  the  Boman  timnels  these  were  ventilated  by  shafts 
which  were  spaced  in  the  tunnel  mentioned  above  at  about  25-meter 
intervals;  in  order  also  to  minimize  the  depth  to  which  the  shafts 
were  sunk,  the  courses  of  the  tunnels  corresponded  very  nearly  to 
those  of  the  valleys  or  gulches  above  them  instead  of  being  straight, 
as  is  the  usual  modem  practice.  Like  the  adits,  the  ventilating  shafts 
were  remarkably  small.  Where  timbered  the  adits  were  usually 
about  2  feet  10  inches  square  in  the  clear,  and  where  the  rock  would 
stand  without  timbering  they  were  circular  and  generally  did  not 
vary  much  from  2  feet  4  inches  in  diameter. 

TUNNELING  IN  EUBOPE  DUBINO  THE  Mn>DLE  AGES. 

With  the  fall  of  the  Western  Empire,  tunnel  work  in  Europe  prac- 
tically ceased  for  many  centuries.  Some  excavations  were  made,  it 
is  true,  for  tombs  and  the  crypts  of  monasteries,  and  undergroimd 
passages  to  a  secluded  exit  for  escape  in  time  of  defeat  were  a  neces- 
sary part  of  the  equipment  of  each  castle.  Crude  attempts  at  mining 
also  were  practiced  in  Oermany.  The  Teutonic  tribes,  whose  main 
occupation  was  warfare  and  who  were  barbarous  and  essentially 
ncxnadic  at  the  time  of  the  conquests  of  Julius  Caesar,  probably 
learned  from  the  Romans  the  value  of  gold;  later  they  began  to 
search  for  precious  metals  and  to  pursue  other  peaceful  occupations. 

During  the  Middle  Ages  tunneling  was  devoted  almost  exclusively 
to  the  needs  of  war  and  was  seldom  employed  in  constructing  aque- 
ducts or  other  public  works.  There  is,  however,  a  record  of  a  road 
tunnel  begun  in  1450  by  Anne  of  Lusignan.  It  was  intended  to  pierce 
the  Alps  at  an  elevation  of  nearly  6,000  feet  and  afford  better  means 
of  conununication  between  Nice  and  Grenoa,  but  was  never  completed. 
Work  was  subsequently  resumed  in  1782  by  Victor  Amadens  III, 
but  was  finally  abandoned  12  years  later  after  a  total  of  nearly  8,000 
feet  of  tunnel  had  been  constructed. 

BBVSLOPHEVT  OT  THE  TTSE  OF  GUNPOWDEB  IN  TUNNELING. 

Although  gunpowder  in  Europe,  according  to  the  consensus  of 
opinion,  was  probably  invented  early  in  the  fourteenth  century,  and 
by  the  end  of  the  sixteenth  century  was  commonly  used  in  military 
operations  for  gunnery  and  for  blowing  up  fortifications,  it  was  not 
applied  directly  to  mining  or  tunnel  operations  during  this  period. 
Agricola's  '^  Bergwerck  Buch,''  the  third  edition  of  ^  De  Be  Metal- 
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lica,^'  published  by  Basel  in  1621,  a  complete  English  translation  of 
which  has  been  issued,  pictures  Roman  methods  and  hand  work  and 
fire  setting  as  the  usual  means  of  mining. 

In  the  year  1618  Martin  Weigel  is  said  to  have  introduced  gun- 
powder in  mining.  Oatschmann  at  this  time  describes  the  use  of 
wooden  plugs  for  stemming.  The  plugs  were  later  (about  1685)  sup- 
planted by  clay.  August  Bayer  (^^  Das  gesegnete  Markgrafenthum 
Meissen,^'  1732)  and  Henning  Calvor  ("  Nachrichten  fiber  das  Berg- 
und  Maschinewesen  am  Harze,  etc.'')  also  confirm  the  date  of  1613 
as  that  of  the  invention  of  drilling  and  blasting,  but  Honemann  and 
Bossier  make  it  16  or  20  years  later.  Whatever  may  have  been  the 
date  when  blasts  were  first  fired  in  mines  it  is  certain  that  blasting 
had  become  fairly  common  by  1650,  for  powder  is  mentioned  as  hav- 
ing been  purchased  for  the  Hans  inines  as  early  as  1634,  drill  holes 
are  reported  at  Diillen  which  bear  the  date  of  1637,  and  blasting  is 
known  to  have  been  introduced  into  the  Freiberg  district  in  1643. 

The  use  of  gunpowder  gave  a  new  impetus  to  mining  and  a  large 
number  of  men  became  skillful  in  overcoming  the  difficulties  of  under- 
ground drifting,  so  that  it  is  not  surprising  to  note  that  an  increased 
number  of  tunnels  for  other  purposes  were  begun  soon  after.  The 
chief  of  these  purposes  was  transportation,  and  in  the  eighteenth  and 
early  part  of  the  nineteenth  centuries  many  tunnels  were  driv«i  for 
canals  which,  aside  from  wagon  roads,  were  the  only  highways  at 
that  time.  Later  the  development  of  steam  railroads  and  the  desira- 
bility of  maintaining  level  gradients  led  to  the  building  of  a  still 
greater  number  of  tunnels.  A  brief  summary  of  the  features  of  the 
more  important  transportation  tunnels  constructed  abroad  and  at 
home  follows. 

CANAL  TUNNELS. 

The  first  modem  tunnel  constructed  for  commercial  transportation 
was  the  Malpas  Tunnel  on  the  Languedoc  Canal  in  France.  It  was 
515  feet  long,  22  feet  wide,  and  27  feet  high,  and  was  built  between 
1679  and  1681,*^  by  Biquet,  a  French  engineer.  Although  it  showed 
that  canals  could  be  constructed  through  country  before  thought  im- 
passable, no  more  canal  tunnels  were  driven  in  France  tmtil  nearly 
a  hundred  years  later,  the  Bive  de  Gier  Tunnel  (1,656  feet  long) 
being  constructed  on  the  Givors  Canal  in  1770,  and  the  Torcy  Tunnel 
(3,970  feet  long)  on  the  Centre  Canal  in  1787.  The  Tronquoy  and 
the  Biqueval  Timnels  on  the  St.  Quentin  Canal  were  started  in  1803, 
and  the  Noireu  Tunnel  (approximately  39,400  feet  in  length)  on  the 

•  The  writers  wieh  to  acknowledge  their  especial  indebtedness  to  Henry  8.  Drinker, 
from  whose  monamental  work  on  tunneling  (Tunneling,  explosive  compoands,  and  rock 
drills,  1878,  1026  pp.)  this  and  other  Talaable  information  conoemlng  the  earlier  hiatory 
of  tunnel  driving  has  been  obtained. 
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sune  canal  was  begun  in  1822.  On  the  Bourgoyne  Canal,  the  St 
Aignan  Tunnel  was  started  in  1824,  so  that  by  the  middle  of  the  nine- 
teentii  century  nearly  20  canal  tunnels,  with  a  total  length  of  nearly 
93,500  feet,  had  been  constructed  in  France. 

The  earliest  transportation  tunnel  in  England  was  the  Harecastle, 
on  the  Grand  Trunk  Canal,  which  was  begun  in  1766  and  opened  for 
traffic  in  1777.  This  tunnel  was  8,640  feet  in  length,  9  feet  wide,  and 
12  feet  high.  There  were  originally  four  other  shorter  tunneb  on 
this  canaL  The  Harecastle  Tunnel  was  found  to  be  too  small  to 
accommodate  traffic,  and  was  replaced  in  1824  by  a  parallel  tunnel 
which  was  16  feet  high  and  14  feet  wide,  4  feet  9  inches  of  the  width 
being  used  for  a  towpath.  The  Sapperton  Tunnel  on  the  Thames- 
Medway  Canal  was  started  in  1783.  It  was  approximately  12,500  feet 
long  and  its  construction  took  six  years.  The  next  large  canal  tunnel 
in  England  was  the  Blisworth  (9,250  feet  long),  on  the  Grand  Junc- 
tion Canal.  It  was  started  in  1798  and  required  seven  years  for  its 
completion.  In  1856  there  were  over  45  tunnels  on  the  various  Eng- 
lish canals,  aggregating  some  220,000  feet  in  length. 

The  first  canal  tunnel  in  the  United  States  was  the  Auburn  Tunnel 
at  the  Orwisburg  landing  on  the  Schuylkill  Navigation  Canal.  The 
tunnel  (which  was  450  feet  long,  20  feet  wide,  and  18  feet  high)  was 
begun  in  1818  and  opened  for  traffic  in  1821.  The  hill  it  pierced  is 
composed  of  red  shale,  and  the  highest  point  was  only  40  feet  above 
the  top  of  the  tunnel.  The  tunnel  was  shortened  in  1834r-37  and 
again  in  1845-46,  and  was  finally  made  an  open  cut  in  1855-^56.  The 
^  Summit  Level,'^  or  Lebanon  Tunnel,  on  the  Union  Canal,  begun  in 
1824  and  finished  in  1826,  was  the  second  canal  tunnel  in  this  country. 
It  was  originally  720  feet  long,  18  feet  wide,  and  15  feet  high,  being 
driven  through  argillaceous  slate  at  a  total  cost  of  $30,464.  It  was 
followed  by  the  ^'  C(Hiemaugh ''  and  ''  Grants  Hill ''  Tunnels,  on  the 
western  division  of  the  Pennsylvania  Canal  (1827-30) ;  the  Paw- 
paw Tunnel,  on  the  Chesapeake  &  Ohio  Canal  (1836) ;  and  two  tun- 
nels on  the  Sandy  and  Beaver  Canal,  Ohio  (1836-^8). 

RAILWAY  TUNNELS. 

The  first  railroad  tunnel  of  which  the  authors  have  record  was 
the  Terre-noire  Tunnel,  near  St.  Etienne,  France,  on  the  Boanne- 
Andrezieux  horse  railroad.  This  tunnel,  which  was  begun  in  1826, 
was  4,920  feet  long,  9.8  feet  wide,  and  16.4  feet  high.  Some  14  other 
tunnels  were  built  on  the  road  from  St.  Etienne  to  Lyons  between 
1826  and  1838.  The  first  tunnels  on  a  railroad  using  steam  locomo- 
tives were  those  on  the  Liverpool  &  Manchester  Railway,  constructed 
between  1826  and  1830.  It  was  on  this  road  that  the  famous  trial 
between  the  "  Rocket,"  "  Novelty,"  and  "  Sans  Pareil "  locomotives 
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took  place  in  1829.    The  following  summary  of  early  railroad-tunnel 
building  in  Europe  is  quoted  from  Drinker's  work  on  tunneling: "» 

Tunnels,  of  course,  multiplied  rapidly  in  England  with  the  extension  of  rail- 
ways, and  during  the  12  or  15  years  following  the  construction  of  the  Liverpool 
&  Manchester  line  there  were  a  large  number  of  tunnels  built  throughout  the 
Kingdom,  among  them  being  the  famous  Kilsby,  Box,  and  Woodhead  Tunnels. 
The  first  tunnels  on  a  steam  railway  in  France  were  those  built  on  the  St 
Germain  line  in  1837.  Subsequently  the  ones  on  the  VersaUles,  the  Gard,  and 
the  Rouen  lines  raised  the  total  length  of  tunnels  in  France  in  1845  to  12,833 
meters  (42,105  feet).  The  report  of  the  Corps  des  Fonts  et  Ghauss^es  on  tun- 
nels for  1856  shows  at  that  date  a  total  on  French  railroads  of  126  tunnels,  of  a 
total  length  of  65,106  meters.  Among  the  noted  early  French  tunnels  may  be 
cited  the  Nerthe,  ArschwiUer,  RlUy,  La  Motte,  Lormont,  and  Alouette.  In 
Belgium  the  Cumptieh  Tunnel,  buUt  in  1835,  on  the  Ghemin  de  I'Etat,  seems 
to  have  been  the  earliest  In  Germany  (Prussia  and  other  States)  the  earlier 
lines  were  so  located  as  to  not  require  much  tunnel  work;  and  the  Oberau 
Tunnel  (1839),  on  the  Leipzic-Dresden  line,  in  Saxony,  was  the  first  In  Aus- 
tria Rziha  gives  the  Gumpoldskirch  Tunnd  as  the  first  A  tunnel  at  Erle- 
bitz  (perhaps  the  same),  on  the  North  Une,  is  mentioned  in  the  Fonts  et 
Ghauss6es  report  (above  cited)  as  an  early  Austrian  one.  In  1856  there 
were  some  50  tunnels  in  Austria,  of  a  total  length  of  13,522  meters.  Ih  Italy 
the  Naples-Castelamare  line,  opened  in  1840,  had  several  tunnels.  In  1856  the 
total  Italian  tunnels  amounted  to  10,181  meters.  The  Bologna-Fistoja  line  is 
especiaUy  remarkable  for  Its  semisubterranean  character.  Among  the  early 
Swiss  tunnels  especiaUy  to  be  noted  is  the  Hauenstein,  commenced  in  1868  and 
finished  in  1858. 

The  first  railway  tunnel  in  the  United  States  was  constructed  be- 
tween 1831  and  1838  on  the  Allegheny  Portage  Bailroad  in  Penn- 
sylvania. The  tunnel  (which  was  driven  through  slate)  was  901 
feet  long,  25  feet  wide  by  21  feet  high,  and  was  lined  throughout 
with  masonry  18  inches  thick.  It  was  followed  by  the  Black  Rock 
Tunnel  (1835-37)  on  the  Philadelphia  &  Beading  Bailroad  and 
the  Elizabethtown  Tunnel  (1836-38)  on  what  is  now  the  Pennsyl- 
vania Bailroad.  After  this  time  railroad-tunnel  construction  became 
so  general  that  by  1850  as  many  as  48  tunnels  had  been  completed 
on  American  railways. 

MIKE  TnKNBLS. 

Among  the  early  European  mining  tunnels  driven  with  gunpowder 
and  hand  drilling  mention  should  be  made  of  the  Deep  Greorge  and 
the  Bothschonberger  StoUen  in  Saxony,  the  Joseph  II  adit  at  Schem- 
nitz,  Hungary,  and  the  Ernest  August  Stollen,  which  was  later 
driven  under  the  Deep  George.  Several  tunnels,  of  which  the  Tail- 
lades  Tunnel  was  the  most  important,  were  also  driven  in  connection 
with  the  Marseilles  Aqueduct  during  this  period. 

•  Drinker,  H.  8.,  Tnnnellxig,  explosive  componsdi,  and  rock  arUls,  1878»  p.  19. 
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The  Deep  George  StoUen  *  was  driven  between  1777  and  1799.  The 
total  length  of  the  main  tunnel  is  34,529  feet  Its  various  l»*anches 
aggregate  25^19  feet  more,  and  yet  this  immense  undertaking,  driven 
entirely  by  hand,  was  to  obtain  a  drainage  depth  of  only  460  feet. 
It  passed  through  graywacke  for  nearly  the  entire  distance. 

Work  began  on  the  Joseph  II  mining  adit,  at  Schemnitz,  Hungary,^ 
in  1782,  but  owing  to  various  interruptions  the  tunnel  was  not  com- 
pleted until  1878.  The  portal  is  at  Womitz,  on  the  left  bank  of  the 
Biver  Gran,  about  10  miles  west  of  Schemnitz.  The  tunnel  is  10.27 
miles  long,  9  feet  10  inches  high,  and  5  feet  3  inches  wide,  and  cost 
$4,860,000.  It  is  used  entirely  for  mine  drainage,  and  the  annual 
saving  in  pumping  amounts  to  more  than  $75,000. 

The  Bothschonberger  Stollen  ^  was  driven  to  drain  the  mines  of 
Freiberg,  Saxony;  it  was  begun  in  1844  and  completed  April  12, 
1877.  The  tunnel  starts  in  the  Triebisch  Valley,  at  Rothschonberg, 
about  12  kilometers  above  Meissen,  on  the  Elbe.  Its  length  on  the 
line  planned  to  Halsbrucke  was  42,662  feet,  but  as  completed  to  a  con- 
nection with  the  Hirmmelfahrt  mine  was,  including  branches,  95,149 
feet  The  depth  below  the  Anna  Stollen  was  308  feet.  Hand  drilling 
and  black  powder  were  used  to  the  end  of  1875,  when  Burleigh  drills 
were  introduced.  The  work  was  carried  on  by  the  State.  The  tuimel 
was  9  feet  square  and  was  driven  from  18  headings,  yet  33  years  were 
required  for  its  completion,  the  average  rate  of  progress  in  each  of 
the  headings  being  only  about  15  feet  per  month. 

The  Ernest  August  Tunnel*  was  driven  below  the  Deep  George 
Stollen  in  1851-1864.  The  main  tunnel  is  about  34,218  feet  long,  but 
the  entire  length  of  the  adit  and  its  branches  is  74,452  feet,  all  driven 
in  rock  similar  to  that  in  the  George  Stollen.  The  tunnel  is  11  feet 
high  and  5^  feet  wide,  and  is  driven  on  a  grade  of  35.6  feet  to  the 
mila  Hand  drilling  and  black  powder  were  used,  and  with  7-hour 
shifts,  the  rate  of  progress  was  50  feet  per  month ;  4-hour  shifts  in- 
ereased  the  rate  of  progress  to  78.7  feet  per  month,  and  by  crowding 
the  miners  to  the  limit  the  progress  during  the  last  three  weeks  was 
75  feet,  or  at  the  rate  of  107  feet  per  month. 

Some  idea  of  the  importance  the  early  German  miners  attached  to 
drainage  may  be  gathered  from  the  fact  that  this  colossal  enterprise 
gave  them  an  increased  drainage  depth  of  only  315  feet. 

The  Taillados  Tunnel  •  on  the  Marseilles  Aqueduct  was  b^un  in 
January,  1839,  and  completed  at  the  close  of  1846.  It  was  driven 
from  14  shafts,  and  in  their  construction  so  much  water  was  en- 

« Drinker,  H.  &,  op.  cit,  p.  »51. 

*  WocheiiB,  oesterrelch,  lug.  Achitek.  Ver.,  1886,  p.  284. 

*  Raymond,  R.  W.,  The  Bothschooberger  Stollen :  Tnnft.  Am.  Inst.  Iffln.  Bng.,  vol.  6, 
1877-78,  pp.  542-668. 

'  Drinker,  H.  S.,  Tunneling,  explosive  compounds,  and  rock  drills,  1878,  p.  351. 

*  See  Martin,  Felix,  M.  de  Mont.  Richer  et  le  Canal  de  Marseille,  1878. 

17164*— Bull.  67—14 15 
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countered  that  the  work  of  sinking  was  difficult  and  at  times  seemed 
aknost  impossible.  It  was  finally  necessary  to  place  at  one  of  the 
shafts  a  steam  engine  of  100  horsepower  in  order  to  remove  the  water, 
which  amounted  to  3,300  gallons  per  hour.  The  cost  of  sinking  the 
shafts  was  approximately  $40  per  foot,  and  the  tunnel  itself  cost  ap- 
proximately $37  per  foot,  or,  including  the  cost  of  the  shafts,  $48.50 
pec  foot.  The  Assassin  Tunnel  on  the  same  project  was  somewhat 
less  difficult  to  drive  and  cost  only  $25.50  per  foot  for  11,400  feet, 
whereas  the  Notre  Dame  Tunnel,  which  was  lined  with  masonry  for 
its  entire  length  of  11,500  feet,  cost  $32.50  per  foot. 

The  first  large  mining  tunnel  in  the  United  States  was  begun  as 
early  as  1824.  This  was  the  "  Hacklebemie "  Tunnel  near  Mauch 
Chunk,  Pa.;  it  was  driven  by  hand,  and  black  powder  was  used. 
When  work  stopped  in  1827  an  opening  16  feet  wide  by  8  feet  high 
had  penetrated  790  feet  through  hard  conglomerate.  Work  was 
resumed  in  1846,  and  the  tunnel  was  extended  to  a  length  of  2,000 
feet. 

DEVELOPMENT  OF  THE  USE  OF  BOCK  DBILLS  AND  HIGH 
EXPLOSIVES  IN  TITKKELIKG. 

The  invention  of  drilling  machines,  which  occurred  almost  simul- 
taneously with  the  discovery  of  high  explosives,  gave  another  great 
impulse  to  tunnel  driving.  The  following  table  gives  in  chronological 
order  some  of  the  more  important  events  connected  with  these  two 
wonderful  improvements. 

A  short  chronological  history  of  the  development  of  high  explosives  and  rock 

drills. 

1847.    Sobrero  discovered  nitroglycerin. 

1849.  J.  J.  Couch,  of  Philadelphia,  patented  on  March  29  the  first  percussion 
rock  drill. 

1851.  J.  W.  Fowle,  of  Philadelphia,  patented  on  March  11  the  first  direct- 
action  percussion  drill. 

1854.    Schumann  invented  his  percussion  drill  at  Freiberg. 

1857.    Schumann  drills  used  in  Freiberg  mines. 

1857.    SommeiUer  invented  a  rock  drill  for  use  at  Mount  Cenia 

1861.  January  1  Sommelller  Improved  drills  commenced  work  In  the  Mount 
Genis  Tunnel. 

1863.    Nobel  first  applied  nitroglycerin  as  a  blasting  agent 

1865.  Guncotton  tried  at  the  Hoosac  Tunnel  by  Thomas  I>oane,  chief  engineer. 

1866.  Nitroglycerin  tried  with  great  success  at  the  Hoosnc  Tunnel  by  T.  P. 

Shaffner. 

1866.  Burleigh  drills  tried  and  proved  to  be  a  great  success  at  the  Hoosac 

Tunnel. 

1867.  Nobel  invented  dynamite. 

1868.  Dynamite  patented  in  America  by  Nobel. 

•  Drinker,  H.  S.,  op.  clt,  pp.  54-66. 
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The  first  ext^isive  utilization  of  these  aids  was  in  the  construction 
of  the  Mount  Cenis  Tunnel  in  Europe  and  the  Hoosac  and  Sutro 
Tunnels  in  this  country.  The  success  attained  with  them  soon  led  to 
further  activity  in  tunneling,  not  only  for  railroads  but  in  connection 
with  mining,  drainage,  and  water  supply  as  well — an  activity  culmi- 
nating in  the  immense  amount  of  such  work  undertaken  within  the 
last  10  or  15  years. 

THE  SUTRO  TUNNEL. 

The  idea  of  draining  the  mines  of  Virginia  City  by  a  deep  tunnel 
was  first  broached  in  the  spring  of  1860,  when  Mr.  Adolph  Sutro 
began  negotiations  with  the  mines,  the  State,  and  finally  with  the 
Federal  Government  for  contracts,  concessions,  etc.  Actual  work  was 
first  begun  at  the  portal  of  the  tunnel  in  Carson  Valley,  3^  miles  from 
Dayton,  on  October  19, 1869.  The  work  was  carried  on  by  hand  until 
September,  1872,  when  diamond  drilling  was  begun  and  tried  rather 
unsuccessfully.  In  1874  Burleigh  drills  were  introduced,  operated 
by  compressed  air  generated  in  a  compressor  made  by  the  Soci6te 
Jcim  Cockerill,  of  Seraing,  Belgium.  The  tunnel  was  completed  July 
18,  1878,  when  the  Savage  vein  was  cut  20,000  feet  from  the  portal 
and  1,922  feet  below  its  outcrop.  The  tunnel  inside  of  the  timbers 
was  10  feet  high  by  14  feet  wide,  divided  into  two  passageways  by 
a  central  row  of  posts.  The  rate  of  progress  varied  greatly,  ranging 
from  19  to  417  feet  per  month,  the  average  monthly  rate  from  start 
to  finish  being  192.3  feet.' 

THE  TEQUIXQUAC   TUNNEL. 

The  Tequixquac  Tunnel,  which  now  forms  the  most  important  link 
in  the  drainage  system  of  the  Valley  of  Mexico,  was  begun  during  the 
reign  of  the  Emperor  Maxmilian.  The  work  was  stopped,  howover, 
at  the  fall  of  the  Empire  and  was  not  resumed  until  1885 ;  even  then 
the  want  of  funds  prevented  any  material  progress  until  March,  1888. 

This  tunnel  is  6i  miles  in  length,  driven  through  a  mass  of  sand, 
mud,  and  soft  calcareous  sandstone.  It  is  brick-lined  throughout,  the 
section  is  ovoid,  with  an  extreme  width  of  13  feet  9  inches  and  a 
height  of  14  feet,  and  the  tunnel  has  a  gradient  of  1  foot  in  1,388. 
The  calculated  flow  of  water  is  450  feet  per  second,  or  200,000  gallons 
per  minute.  At  first  the  headings  were  driven  in  the  center,  but  the 
bottom-heading  system  was  soon  adopted  of  necessity.  The  greatest 
completed  tunnel  advance  in  any  one  month  was  182  feet,  and  the 

•  Beport  of  commlfisloners,  Satro  Tunnel,  1872,  987  pp.,  and  Drinker,  H.  S.,  Tunneling 
exploaive  componnds,  and  rock  drills.  1878,  pp.  337-^50. 
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greatest  distance  that  any  singk  heading  was  driven  in  a  calendar 
month  was  656  feet.' 

THE  SHOSHONE  TUNNEL. 

The  Shoshone  Tunnel,  1906-1910*  is  owned  by  the  Central  Colorado 
Power  Co.  Its  intake  portal  is  on  the  Grand  River  12  miles  above 
Glenwood  Springs.  The  tunnel  is  12,453  feet  long,  12  feet  high,  and 
16  feet  8  inches  wide,  and  is  driven  wholly  through  hard  metamorphic 
granite. 

Where  timber  supports  were  necessary  vertical  posts  and  a  three- 
pieee  arch  were  employed,  all  of  which  were  afterwards  ccMnpletely 
covered  by  concrete  lining.  Driving  was  carried  on  from  seven  cross- 
cut adits,  as  well  as  from  both  the  intake  and  the  discharge  ends. 

The  cost  of  the  tunnel,  not  including  concrete  lining,  $927,653,  was 
divided  as  follows: 

Construction  costs  of  Shoshone  Tunnel  per  linear  foot  of  tunnel.^ 

Test    drifts ^ $0. 45 

DriUing  and  blasting 20.66 

Tr«iching  and  grading  floor 1.15 

Track  work 1. 76 

Mucking  and  loading 17.28 

Hauling  2. 88 

Dumping  and  maintenance 2.18 

Blasting  sopplieB 8. 35 

Drill  steel 2. 91 

Sharpening  and  repairing 4. 60 

Timbering,  temporary  and  permanent 3.87 

Light  and  wiring 1. 57 

VentllaUng .69 

Pipe,  air  hose  and  connections .85 

Power  drills 2. 94 

Hoists  and  trestles 1 .96 

Pumping .  21 

Sundries .28 

Total  construction  costs 74.49 

Chrerbead  costs,  including  surveying,  managem^it,  office,  etc «  39.91 

Total  cost  per  linear  foot 105.40 

TUNNELS  IN  JAPAN. 

Following  is  a  list  of  some  of  the  more  important  Japanese  mining 
tunnels: 

The  Tsude  adit,  Ashio  mine,  Shimotsuke  district,  was  driven  be- 
tween 1886  and  1895.    It  is  11  feet  high,  13  feet  wide,  and  10,000  feet 

•  Campbell,  A.  J.,  and  Abbott,  F.  W.,  Teqnixqnac  Tunnel,  Valley  of  Mexico :  Trans.  Am. 
Soc.  CiT.  Eng.,  vol.  32,  pp.  171-194. 

*  Data  farnlBhed  by  L.  P.  Hammoncif  manager. 
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long,  and  is  situated  on  the  bank  of  the  Watarase  Biver,  at  Ashio. 
The  mine  contains  an  aggregate  of  640,846  feet  of  levels. 

The  Omodani  mine,  Ono  district,  has  five  levels,  aggregating  58,380 
feet  in  length,  the  longest  being  I24IO  feet,  whereas  the  drainage 
adit  is  10,850  feet  long. 

The  Yofihioka  mine,  Kawakami  district,  is  opened  by  ei^t  levels 
and  croescots,  totaling  134,281  feet,  the  main  adit  being  39,198  feet 
in  length. 

The  Okawamae  adit,  which  was  constructed  to  drain  the  Kusakura 
mine,  Nugataken,  has  a  length  of  lO/KM)  feet. 

The  Soenido  adit  drains  the  Innai  silver  mines  and  is  8  feet  hi^, 
10  feet  wide,.and  7,800  feet  long. 
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SIGNIFICANT  DATA  FROM  RAIIiROAD  TUNNELS. 

Althongh  this  report  deals  chiefly  with  the  construction  of  mining 
tunnels,  mudi  can  be  learned  from  the  study  of  tunnels  driven  for 
railroads.  Under  ordinary  conditions  the  rate  of  progress  in  a  rail- 
road tunnel  is  limited  by  the  speed  at  which  the  advance  heading  can 
be  driven,  and  as  these  headings  do  not  differ  materially  from  mining 
tunnels  the  rates  of  progress  attained  in  them  are  of  great  interest  to 
the  miner.  A  railroad-tunnel  heading  must  be  driven  to  line  and 
grade,  like  a  mining  tunnel,  and  although  the  maintenance  of  a  uni- 
form width  and  height  is  desirable,  it  is  not  absolutely  necessary, 
railway-tunnel  headings  having  thus  a  slight  advantage  over  mining 
tunnels.  On  the  other  hand,  the  multifarious  operations  carried  on 
between  the  heading  and  the  portal  of  a  railroad  tunnel,  even  under 
the  best  possible  organization,  often  temporarily  obstruct  transporta- 
tion ;  the  continuity  of  the  work  is  sometimes  hindered  by  the  shoot- 
ing of  the  benches  back  of  the  face ;  and  even  when  all  the  holes  in  the 
benches  and  headings  are  blasted  together  more  time  is  needed  to 
clear  out  the  smoke  trom  so  many  groups  of  shots  than  from  a  single 
round  in  the  heading,  as  in  a  mining  tunnel.  On  the  whole,  in  simi- 
lar rock  and  with  equally  good  equipment  and  organization  there 
should  be  little,  if  any,  difference  between  the  speed  attained  in  driv- 
ing a  mining  tunnel  and  a  railway-tunnel  heading,  because,  although 
the  conditions  for  rapid  progress  are  not  exactly  identical,  the 
opportunities  are  practically  equal. 

BATE  Of  PBOGBESS  AND  COST  07  BAILWAY  TTTKNSL8. 

The  history  of  the  more  important  railway  tunnels  of  the  world 
also  shows  forcibly  the  rapid  increase  in  the  rates  of  driving  and  the 
lessening  of  the  cost  of  construction  since  the  introduction  of  rock 
drills  and  high  explosives.  The  data  in  the  following  table  are 
representative. 

Progress  and  cost  of  some  famous  railway  tunnels. 


Tunnd. 

CoDstnio- 
tioD  period. 

LengUi. 

DuntJoD 
of  boring. 

Average 
daily 

Cost  per 

liZMV 
fDOL 

Hoimt  Ccnis 

1867-1870 
1858-1874 
1872-1882 
1880-1883 
188»-1906 
1006-1911 

MOet. 

.    7.97 
4.75 
9.26 
6.2 
12.4 
9.3 

167 

4.4 

a  3.0 

6.2 

13.6 

bis.  69 

el4.2 

$356.00 

H008&0 ...  .        . 

896.00 

Bt.  Oothard .....  

88 

40 
78 
64 

331.00 

Ariburg 

182.30 

Bimplon -  r r 

339.40 

LoetBchbflrg 

2iLao 

•  Average  of  east  and  west  headings,  1866-1873. 

b  AUowfaig  only  for  days  on  which  drilling  was  carried  on,  advanoe  was  17.45  fMt  per  day. 

e  Avciage  for  last  30  months,  17.1  feet. 
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MOUNT  CENIS  TUNNEL. 

The  Mount  Cenis  Tunnel  was  driven  through  the  northern  spur 
of  the  Cottic  Alps  to  afford  direct  connection  between  the  French 
and  Italian  railway  systems.  Work  was  begun  on  August  18,  1857, 
and  the  French  and  Italian  headings  met  on  December  25,  1870. 
The  length  of  the  tunnel  as  completed  was  42,157  feet  and  the  cost 
$15,000,000,  or  $356  per  linear  foot  The  greatest  depth  below  the 
surface  was  5,275  feet,  where  the  rock  temperature  was  85**  F.  The 
Sommeiller  rock  drill,  driven  by  compressed  air,  was  first  used  in 
this  tunnel  January  12,  1861,  or  five  years  before  the  introduction 
of  air  drills  into  the  Hoosac  Tunnel  in  the  United  States.  The  rate 
of  progress  varied  greatly  with  the  rock  encountered,  the  total  time 
consumed  in  driving  being  13  years  and  1  month,  or  an  average  daily 
progress  in  each  heading  of  4.4  feet." 

HOOSAC  TUNNEL. 

One  of  the  most  important  early  tunnels  driven  in  the  United 
States  was  the  Hoosac,  on  the  line  of  the  Troy  &  Greenfield  Bail- 
way.  The  project  first  came  under  consideration  in:  1825,  but  actual 
work  did  not  begin  until  1858.  Hand  drilling  was  employed  until 
October  31,  1866,  when  Burleigh  rock  drills  were  first  introduced; 
two  months  later  nitroglycerin  was  substituted  for  black  powder 
and  the  net  result  of  these  two  most  important  improvements  was 
greatly  to  increase  the  rate  of  driving.  Many  disheartening  delays 
and  interruptions  occurred,  due  chiefly  to  failure  of  the  earlier  types 
of  drilling  machines  and  to  change  of  engineers  and  contractors,  but 
in  March,  1869,  a  contract  was  let  to  Shanly  Bros.,  of  Toronto,  who 
completed  the  work  on  December  22, 1874. 

The  tunnel  had  a  total  length  of  4|  miles,  and  most  of  it  was 
driven  through  mica  schist.  The  maximum  speed  attained  in  a  single 
heading  was  184  feet  in  one  month  of  26  working  days,  and  the 
average  speed  in  the  east  and  west  headings  for  the  last  six  months 
was  4.^  feet  per  day.  The  cost  was  $10,000,000,  or  $398  per  linear 
foot.* 

ST.  GOTHARD  TUNNEL. 

The  great  undertaking  of  driving  the  St.  Gothard  Tunnel  was 
made  possible  by  a  joint  treaty  between  Germany,  France,  and  Italy, 
and  on  May  7,  1872,  a  contract  for  the  tunnel  was  let  to  M.  Favre, 

*  Drinker,  H.  S.,  Tanneling,  explosive  componnds,  and  rock  drills,  pp.  354-357 ;  Vernon- 
Barcourt,  L.  P..  Alpine  engineering :  Proc.  Inst.  Civ.  Eng„  vol.  95,  pp.  249-261. 

*  Drinker,  H.  8.,  op.  cit.,  pp.  315-337. 
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of  Genoa,  who  gave  a  bond  for  $1,600,000  for  the  successful  comple- 
tion ol  the  work  within  a  period  of  eight  years.  The  tunnel  is 
48,887  feet,  or  9.26  miles,  in  lengUi,  and  for  the  most  part  is  throu^ 
schists.  After  tests  of  a  number  of  drills,  Ferroux  drills  were 
selected  for  the  n<Nrth  side  and  McKean  for  the  south  side.  The  aver- 
age rate  of  progress  in  the  headings  was  186  feet  per  month.  In 
1880  one  of  the  headings  passed  throu^  a  zone  of  softened  feldspar 
which,  under  the  weight  of  the  superincumbent  rock,  squeezed  into 
the  tunnel  with  such  force  that  granite  walls  and  arches  6  feet  7 
inches  in  thickness  were  required  to  hold  it  in  place.  The  maximum 
rock  temperature  encountered  was  88°  F.,  at  a  point  5,575  feet  below 
the  surface.  The  headings  met  February  29,  1880,  but  the  tunnel 
was  not  completed  until  1882,  nearly  two  years  after  the  time  called 
for  in  the  original  contract  The  total  cost  was  £2,327,000,  or  $231 
per  linear  foot* 

ARLBEHG  TT7NNEL. 

The  success  of  the  Mount  Cenis  and  St  Gothard  Tunnels,  coupled 
with  the  desire  of  the  Austrian  Government  to  have  a  railway  route 
to  France  that  would  not  pass  through  Germany  or  Italy,  led  to  the 
construction  of  the  Arlberg  Railway,  which  runs  from  Innsbruck,  in 
the  Tyrol,  to  Bludenz,  near  the  Swiss  frontier,  a  distance  of  85  miles, 
piercing  the  Arlberg  Range  about  20  miles  from  Bludenz  by  a  tun- 
nel over  6  miles  long.  In  the  selection  of  the  machinery  and  in 
planning  the  work  advantage  was  taken  of  the  experience  gained  in 
the  Mount  Cenis  and  St.  Gothard  Tunnels.  In  consequence  the  re- 
sults obtained  were  as  much  in  advance  of  those  in  the  St  Grothard 
as  the  operations  in  that  tunnel  had  been  an  improvement  on  those 
employed  in  the  Mount  Cenis.  The  driving  of  the  Arlberg  Railway 
Tunnel  began  in  July,  1880,  and  the  headings  met  on  November  13. 
1883,  the  average  rate  of  progress  being  nearly  2  miles  a  year.  The 
greatest  temperature  of  the  rock  was  64^  F.,  at  a  point  2,295  feet 
below  the  surface.  Ferroux  percussion  drills,  operated  by  corapressed 
air,  were  employed  in  the  eastern  heading  and  Brandt  rotary  drills, 
worked  by  water  pressure,  in  tiie  western.  The  Ferroux  drills  drove 
17,355  feet  and  the  Brandt  drills  14,880  feet,  a  difference  of  2,475 
feet  in  favor  of  the  former.  This  variation  was  due  more  to  the 
rock  in  the  east  and.  west  headings  being  different  than  to  any  differ- 
ence in  the  efficiency  of  the  drills  themselves,  as  is  shown  by  the 
following  figures  of  the  average  daily  advance  of  the  two  drills : 

•Drinker,  H.  S.,  op.  dt,  pp.  359-370;  Vernon-Harconrt,  L.  P.,  Alpine  engtaeerfng: 
Proc  Inst  Ciy.  Bug.,  vol.  96,  pp.  261-268. 
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Average  doMy  advance  of  Uoo  type»  of  driOe,  Arl^ery  HaUwap  Tunml. 


Ymt. 

FWQOX. 

Biudt. 

1881 

13.6 
17.2 
17.85 

Feet. 

9.6 

18B2 

15.1 

1B88« 

17.82 

«  Ten  and  one-half  mootha. 

The  figures  show  that  as  the  nature  of  the  rock  became  similar 
when  the  faces  approached  each  other  the  efficiency  of  the  Brandt 
drill  was  practically  the  same  as  that  of  the  Ferroux.  The  Brandt 
drill  was  much  m<Mre  cheaply  operated  than  the  Ferroux  and  required 
the  use  of  only  7  miners  in  the  heading,  as  against  12  with  t^ 
Ferroux. 

The  total  length  of  the  tunnel  was  32^35  feet  and  its  cost  was 
$5^77,684,  or  $182.30  per  linear  foot* 

SIMPLON  TUNNEL. 

The  Simplon  Timnd  consists  of  two  parallel,  single-track,  railway 
tunnels,  56  feet  from  center  to  center,  driven  from  Brigue,  Switzer- 
land, to  Iselle,  Italy,  a  distance  of  12.4  miles. 

Operations  began  at  Brigue  NoTember  22,  1898,  and  at  Iselle  De- 
cember 21, 1898.  The  headings  met  February  24, 1905,  but  the  tunnel 
was  not  completed  and  ready  for  use  until  January  25, 1906.  Brandt 
rotary  hydraulic  drills  were  employed  in  both  headings  and  the 
average  rate  of  heading  advance  was  18.69  feet  per  diem,  although 
when  oonditions  were  favorable  speeds  of  16  feet  per  diem  in  the 
Italian  end  and  20  to  21  feet  in  the  Swiss  end  were  readily  attained. 
The  nx^  was  principally  gneiss,  with  occasional  beds  of  slate,  granite, 
and  marble. 

In  hard  rock  the  cycle  of  operations  was  as  follows :  Bringing  up 
and  adjusting  drills,  20  minutes;  drilling,  IJ  to  2^  hours;  charging 
and  firing,  15  minutes;  muddng,  2  hours. 

More  serious  difficulties  were  encountered  in  driving  this  tunnel 
than  in  any  other  tunnel  yet  undertaken.  Swelling  ground  was 
extremely  oMmnon,  aad  in  places  the  pressure  was  so  great  that  the 
roof  and  sides  could  be  held  in  place  only  by  steel  I  beams,  with 
the  spaces  between  rammed  with  rapid-setting  concrete.  A  part  of 
the  tunnel  where  the  pressure  was  the  greatest  is  said  to  have  cost 
$1,620  per  linear  foot  Many  springs  were  encountered,  and  at 
times  17,000  gallons  of  cold  water  per  minute  flowed  into  the  tunnel. 
Near  the  center  of  the  tunnel  laige  springs  of  hot  water  with  a 

*  Vernon-Harconrt,  L.  F.,  A^ylne  eaglaeerlng :  Proc.  Inat.  Civ.  Bn^.,  vol.  95,  pp.  26S- 
271 ;  Chartoo,  A.  P.,  Le  cbemia  de  fer  et  le  tunnel  de  TArlberg :  Le  G6nie  ClvU,  voL  6. 
1886,  pp.  3-18. 
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total  flow  of  4,330  gallons  per  minute  were  encountered.  One  spring 
alone  (temperature  116°  F.)  flowed  1,400  gallons  per  minute.  The 
high  temperatures  engendered  threatened  to  prevent  further  advance, 
but  by  bringing  both  cold  water  and  cold  air  into  the  headings  jthe 
temperature  was  reduced  enough  to  permit  work  being  resumed, 
although  it  took  six  months  to  drive  the  last  800  feet  The  rapid 
average  rate  of  progress  maintained  in  the  Simplon  Tunnel,  in  spite 
of  the  difficulties  encountered,  was  due  to  superb  equipment  and  an 
organization  so  efficient  and  thorough  that  648  men  and  29  horses 
at  the  Swiss  end  and  496  men  and  16  horses  at  the  Italian  end  were 
advantageously  employed. 

Notwithstanding  the  care  taken  in  ventilation  and  the  precautions 
adopted  for  the  health  and  safety  of  the  workmen,  60  men  were 
killed  during  the  progress  of  the  work.  The  total  cost  of  the  tunnel 
was  £3,200,000,  or  $239.40  per  linear  foot" 

LOETSCHBERG  TUNNEL. 

The  Loetschberg  Tunnel  was  driven  through  the  Bernese  Alps  in 
Switzerland,  and  forms  the  last  link  in  the  railway  system  connect- 
ing the  city  of  Berne  with  the  village  of  Brigue  at  the  north  end  of 
the  Simplon  Tunnel.  The  desirability  of  connecting  the  Bernese 
Oberland  with  the  Bhone  Valley  was  discussed  as  early  as  1866,  and 
the  present  location  of  the  tunnel  was  first  proposed  in  1889. 

The  railway  begins  at  Frutigen  in  the  Bernese  Oberland,  about 
32.5  miles  from  the  north  portal;  50.5  per  cent  of  this  length  is  on 
horizontal  curves.  There  are  about  12  short  tunnels  on  the  line, 
ftggi'og&ting  16,000  feet  in  length,  one  of  which  is  a  spiral  tunnel 
6,460  feet  long  with  a  985-foot  radius.  The  main  tunnel  is  47,678 
feet  long  and  was  first  planned  to  be  run  on  a  tangent,  but  a  serious 
cave  1.6  miles  from  the  north  portal,  which  killed  25  men  and 
filled  5,900  feet  of  tunnel,  compelled  the  abandonment  of  the  original 
line  and  the  adoption  of  a  curved  tunnel  to  pass  around  the  immense, 
peaty,  mud-filled  fissure  that  the  heading  had  tapped. 

At  the  south  end  Ingersoll-Rand  air  drills  and  compressors  were 
used,  whereas  at  the  north  end  Myers  drills  and  compressors  were 
adopted.  Compressed-air  locomotives  running  on  80-inch  gage  tracks 
were  used.  In  each  heading  four  to  six  drills  were  employed,  each 
mounted  on  a  horizontal  bar  on  a  carriage,  so  that  mucking  out  after 
firing  was  necessary  before  drilling  could  be  commenced  in  the  face. 
For  the  last  30  months  of  driving  the  average  rate  of  progress  in  the 
south  heading  was  15.8  feet  per  day  and  in  the  north  end,  where  the 
driving  was  much  easier,  18.6  feet  per  day.    On  the  north  side,  when 

•  Saunders,  W.  L.»  Tannel  drlvlnir  In  the  Alps :  Trans.  Am.  Inst  Mln.  Enir.,  vol.  42,  pp. 
441-446 ;  Fox,  Francis,  The  Simplon  Tunnel,  Proc.  Inst.  Cly.  Bng.,  vol.  168,  pp.  61-83. 
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the  heading  was  in  limestone,  it  was  advanced  5,628  feet  in  6  months, 
or  an  average  rate  of  30.8  feet  per  day.' 

BUSK-IVAN  HOE  TUNNEL. 

The  Busk-Ivanhoe  Tunnel,  on  the  Colorado  Midland  Railway  be- 
tween Leadville  and  Glenwood  Springs,  is  9,394  feet  long,  and  has 
an  altitude  of  10,810  feet  at  Busk  and  10,944  feet  at  Ivanhoe,  making 
it  the  second  highest  railway  tunnel  in  the  world.  It  is  driven  almost 
the  entire  distance  in  metamorphic  granite  with  some  softened  shear 
zones  that  gave  considerable  trouble  in  driving  and  timbering.^  The 
tunnel  cost  $1,250,000,  and  30  men  were  killed  in  the  progress  of  the 
work. 

SEVBRN  TUNNEU 

The  Severn  Tunnel  (1873-1887),  which  is  on  the  line  of  the  Great 
Western  Railway  in  England  and  passes  under  the  estuary  of  the 
Severn  River,  has  a  length  of  4.35  miles  and  traverses  a  great  variety 
of  rocks,  including  conglomerate,  limest<Hie,  carboniferous  beds, 
sandstone,  marl,  and  sand.  The  most  serious  difficulty  encountered 
in  driving  was  the  great  volume  of  water  that  came,  not  so  much  from 
the  estuary  above  as  from  a  huge  spring  on  the  land  side.  Several 
ineffectual  attempts  were  made  to  bulkhead  this  spring,  and  before 
the  tunnel  could  be  successfully  driven  it  was  necessary  to  erect  an 
immense  pumping  plant  with  a  capacity  of  45,000  gallons  per  minute, 
but  the  maximum  amount  pumped  for  any  considerable  period  did 
not  exceed  20,000  gallons  per  minute.*' 

TDTLEY  TUNNEL. 

The  Totley  Tunnel  on  the  Dore  &  Chinley  Railway,  between  Shef- 
field and  Manchester,  England,  is  3.53  miles  long.  Work  was  begun 
in  1888,  and  the  tunnel  was  ready  for  traffic  in  September,  1893.  It 
is  driven  almost  entirely  through  carbonaceous  black  shale  which 
contained  some  beds  of  sandstone  and  grit.  The  progress  of  the  work 
was  greatly  impeded  by  heavy  inrushes  of  water,  some  of  which 
carried  vast  quantities  of  sand  and  silt.  For  a  time  the  discharge 
from  ttie  Padley  heading  amounted  to  5,000  gallons  per  minute.  At 
first  the  water  was  carried  out  of  the  tunnel  in  12-inch  pipes,  but  as 
these  proved  insufficient  and  liable  to  clog  with  sand,  the  headings 
were  closed  with  water-tight  bulkheads  and  center  drains  carried  in 

•  Saimden,  W.  L.,  Tunnel  driylnir^ln  the  Alps :  Trans.  Am.  Inst.  Mln.  Bnsr.,  vol.  42, 
pp.  44e^68;  Bonnin«  B^  La  Nature  (ParU),  toL  87,  1909,  pp.  147-157. 

^(EditorlaL)  Progress  of  work  on  the  Busk  Tunnel,  Colorado :  Engineering  News.  Aug. 
25,  1802,  p.  171. 

•  Vemon-Harcourt,  L.  F.,  The  Seyem  Tunnel :  Proc  Inst.  Ciy.  Eng.,  vol.  121,  pp. 
80&-408. 
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from  the  portal.    This  work  took  six  w^eks,  during  whidi  the  pres- 
sure behind  one  of  the  dams  rose  to  156  pounds  per  square  inch.* 

ASFEN  TUKNEE.. 

The  Aspen  Tunnel  oa  the  Unicm  Pacific  Railway,  between  CSiey- 
enne  and  Ogden,  although  only  5,900  feet  in  length,  is  interesting  on 
account  of  the  obstacles  ^icountered  in  driving,  the  difficulty  of  hold- 
ing back  the  swelling  ground,  and  the  fact  thai  mechanical  loading 
of  the  broken  rock  was  successfully  employed  in  both  headings.  The 
tunnel  was  driven  through  carlxmaceous  shale,  containing  an  occa- 
sional stratum  of  yellow  sandstone,  that  dips  20^  to  80^  east,  and 
the  course  of  the  tunnel  is  a  little  south  of  west  The  opening  is  22 
feet  6  inches  high  and  17  feet  wide  in  the  clear,  timbered  with  12  by 
12  inch  timbers  with  vertical  posts  capped  with  a  7-segment  circular 
arch.  These  timber  sets  were  spaced  2  feet  apart,  1  foot  apart,  or 
closer,  as  the  weight  of  the  ground  demanded.  In  a  part  of  the  tunnel 
walls  of  solid  12  by  12  inch  timbers  would  not  stand  the  rock  pres- 
sure, and  the  timbers  were  replaced  by  12-inch  steel  I  beams,  which 
sometimes  buckled  sideways  before  the  concrete  filling  oould  be 
rammed  in  place. 

Small  air-driven  steam  shovels  with  buckets  holding  f  cubic  yard 
were  employed  for  loading  cars  in  the  headings  and  effected  a  great 
saving  in  both  time  and  cost.* 

Arthur's  pass  tunnel. 

Arthur's  Pass  Tunnel,  South  Island,  New  Zealand,  sometimes  known 
as  the  Otiro,  is  on  the  line  of  the  New  Zealand  Government  Railway 
which  connects  Christchurch  on  the  east  with  Greymouth  on  the  west 
coast  and  pierces  the  cvesi  of  the  Southern  Alps  for  a  distance  of  5f 
miles.  Work  began  in  May,  1898,  and  the  contract  called  for  the 
completion  of  the  worir  in  a  period  of  five  years;  price  $5,000,000. 
Tunnel  haulage  was  at  first  attempted  with  16,000-pound  benzine 
locomotives,  but  they  were  discarded  on  account  of  uncertain  action 
and  the  annoying  fumes,  and  electric  locomotives  were  substituted.* 

HONT  ROTALi  TUNNEU 

The  Mont  Royal  Tunnel,  which  will  be  3^  miles  long,  is  now  being 
driven  through  a  mountain  immediately  behind  the  city  of  Montreal 
by  the  Canadian  Northern  Railroad  Co.    Work  was  begun  in  July, 

•  Rickard,  Percy,  Tunnels  on  the  Dore  and  Chlnley  Railway :  Proc  Inst  Ctr.  Boc  toL 
116,  piK.  117-18S. 

^Hardesty,  W.  P.,  The  construction  of  the  Aspen  (Wyoming)  Tunnel  on  thft  Unloii 
Fftdilc  Ballroad :  Bndneerlnc  News,  roL  47,  Maceh  6.  1902. 

•  Gavin,  W.  11.,  Arthur's  Pass  Tunnel,  New  Zealand :  Engineering  News,  yol.  67.  Umj  9, 
1912,  pp.  870-875. 
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1912.  The  rock  is  medium  hard  to  hard  limestone,  intersected  by 
numerous  trap  dikes.  In  each  heading  three  to  four  drills,  mounted 
on  a  horizontal  bar,  are  used.  One-half  of  the  machines  are  equipped 
with  a  water- feeding  device  and  take  air  at  100  pounds  pressure.  The 
rock  cuts  readily  and  as  much  as  20  feet  6  inches  of  hole  has  been 
drilled  in  one  hour  by  a  3f -inch  machine.* 

OTHER  TUNNELS. 

Data  relative  to  other  noted  railway  tunnels  are  presented  below : 

Data  restive  to  other  f%oted  railroad  tufmel9.'* 

"GoTi**  Tnimel,  Genoa-Ronco  Railway,  Italy,  27,003  feet 
Ifarianopeli  Tunnel,  on  railway  from  Catanl  to  Palermo,  Sicily,  22,453  feet 
Pracchia  Tunnel,  on  raUway  between  Florence  and  Bologna,  9,000  feet 
Biblo  Tunnel,  Italy,  13,907  feet 

Nerthe  Tunnel,  between  Marseille  and  Avignon,  15,153  feet 
Ballfly  Tunnel,  on  railway  between  Paris  and  I^ons,  13,448  feet 
Kaiser  Wilhtim  Tunnel,  on  the  Mosselle  Railway  near  Kochem,  13,841  feet 
Standridge  Tunnel,  between  London  and  Birmington,  15,383  feet 
Graveboltz  Tunnel,  on  line  of  the  Bergen  Railway,  Norway,  3i  miles. 
Kojak  Tunnel,  on  line  of  Northwestern  State  Railway,  India,  2^  miles. 
Stampede  Tunnel,  on  Northern  Pacific  BaUway,  9,850  feet 
Cascade  Tunnel,  on  the  Great  Northern  Railroad,,  through  the  Cascade  Moun- 
tains in  the  State  of  Washington,  13>413  feet. 

Tennessee  Pass  Tunnel,  Dearer  &  Rio  Grande  Railroad,  between  LeadviUe  and 
Bed  Cnir,  lengm  2,572  feet,  alUtude  104239  feet. 

Tmmel  through  the  crest  of  the  Andes  on  raUway  line  between  Buenos  Aires, 
Argentina,  and  Santiago,  ChUe,  15,880  feet  long,  altitude  10,500  feet 

The  suBunit  tunnel  on  the  Perurian  Central  RaUway,  3,596  feet  long,  altitude 
15,781  feet 

*  OHourke,  D.  J.,  The  Moat  Royal  Tunnel  record :  Bfflne  and  Quarry,  July-August, 

1913,  p.  730. 

*  Ebcyelopedia  Americana,  rol.  19. 
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Seables,  W.  H.  The  Westpoint  Tunnel.     Proc.  Inst  Civ.  Bng.,  vol.  96,  1889, 
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Mount  Cenis,  St  Gothard,  Arlberg,  Laveno,  and  Carrito  Tunnels. 
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Ck>vemment  water  races,  Kumara,  New  Zealand.  Power  of  water.  Fric- 
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15,  June,  1899,  pp.  238-249.  Near  Carnegie  steel  works  at  Bessemer,  Pa. 
Tunnel  is  2,900  feet  long,  21.5  feet  high  in  center  of  arch,  and  26  feet  wide. 
Average  speed,  4  feet  per  day.    Air-operated  shovels  for  bench. 
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mine. 

Thbikell,  E.  W.  Adequate  ventilating.  Mines  and  Minerals,  January,  1898,  p. 
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1905,  p.  827. 
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plosions. Concludes  that  the  chief  one  is  probably  the  accumulation  of 
dust  which  absorbs  oil  and  when  heated  by  the  compressed  air  gives  off 
explosive  gases. 
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Simplon  Tunnel.     Vol.  91,  December  9,  1905,  p.  399. 
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September  15, 1906,  p.  503.  Discusses  the  merits  of  several  types  of  electric 
drills  as  compared  with  air  drills. 
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this  country,  showing  the  amount  of  power  so  used  and  the  sizes  of  the 
plants. 
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Cassieb's  Magazine.  The  Loomis-Pettlbone  gas-generating  system.  April,  1908, 
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Respect  the  rock  drill.    April,  1910,  p.  5633.     Some  requirements  for  a 


good  rock  drill. 

—  Steam  versus  compressed  air  in  mining  (coal).  February,  1909,  p.  5174. 
Compressed  air  is  much  better  than  steam  for  pumping,  coal  cutting,  etc, 
in  mines. 

—  Taylor  hydraulic  air  compressor  (Cobalt).  June,  1910,  p.  6675.  De- 
scription taken  from  an  article  in  Mines  and  Minerals  by  C.  H.  Taylor. 

—  Tunnel  used  for  compressed-air  storage.  October,  1909,  p.  5448.  De- 
scribes the  use  of  an  old  crosscut  as  an  air  receiver  giving  a  storage 
capacity  equal  to  the  output  of  the  compressor  for  23  minutes. 

—  Uncomparable  records.  January,  1910,  p.  5537.  Discusses  the  futility 
of  attempting  to  compare  different  records  of  tunnel  progress  without  con- 
sidering all  the  factors  that  influence  them. 

-February,  1909,  p.  5174.    Compressed  air  is  much  better  than 


steam  for  pumping,  coal  cutting,  etc.,  in  mines. 

C>oM8TOCK,  C.  W.  Great  tunnels  of  the  world.    Proc.  Colo.  Sci.  Soc,  vol.  8, , 

pp.  363-386.  Discusses  temperature  and  pressure  in  deep  tunnels ;  describes 
the  Mount  Cenls,  the  Hoosac,  the  St.  Gothard,  and  the  Slmplon  Tunnels. 

Cone,  J.  D.  Selection  of  proper  air  compressor.  Mines  and  Minerals,  vol.  27, 
October,  1906,  p.  101.  Economic  and  mechanical  considerations  influencing 
purchase. 

Crane,  W.  R.  Notes  on  the  use  of  concrete  In  mines.  Concrete  and  Construc- 
tional Eng.  Mag.,  March,  1908,  p.  39. 

The  use  of  concrete  for  mine  supporta    Concrete  and  Constructional 

Eng.  Mag.,  July,  1909,  p.  172. 

CuixEN,  William.  Gases  from  high  explosives.  Min.  and  Scl.  Press,  August  28, 
1900,  p.  297.  Discusses  the  results  obtained  from  a  study  of  the  gases  given 
off  from  the  gelathi  dynamite  used  in  Rand  mines. 

Davieb,  W.  a.  T.  Mining  hard  ground.  Eng.  and  Min.  Jour.,  vol.  82,  October  27, 
1906,  p.  779.  Abstract  of  "  The  science  of  economically  mining  hard-ground 
rock  with  percussive  rock  drills  and  compressed  air,"  Trans.  Australasian 
Inst  Min.  Eng.,  vol.  2,  April,  1906. 


Digitized  by  LjOOQIC 


242  SAFETY  AND  EFFICIENCY  IN   MINE   TUNNEUNG. 

De  Gennbs,  M.  Selection  and  use  of  bits  for  power  drills.    Eng.  and  Min.  Jour.t 

vol.  87,  June  12,  1909,  p.  1183.    Discusses  the  differ^it  types  and  effect  of 

size,  shape,  and  cutting  edge  on  the  resulta 
De  Wolf,  E.  C.  Haulage  system  at  the  Yak  Tunnel.    Min.  and  Met  Jour.,  June 

26,  1908.    A  description  of  the  method  of  handling  ore  and  waste  at  the 

Yak  Tunnel. 
DiNSMOBE,  W.  P.  J.  The  Gunnison  Tunnel.    Mine  and  Quarry,  S^t^nber,  1909, 

p.  315.    Describes  the  work  of  ^ilarging  the  heading  to  full  size  and  some 

of  the  difBculties  encountered  during  the  progress  of  the  tunnel. 
The  second  Raton  Hill  Tunnel  of  the  Atchison,  Topeka  &  Santa  Fe 

Railway.    Mine  and  Quarry,  June,  1908,  p.  225.    Describes  the  methods 

and  equipment  used. 
Western  practice  in  tunnel  driving.    Min.  and  Met.  Jour.,  August  7, 

1908.    Plan  of  work,  arrangement  of  holes,  handling  of  waste  rocl^,  and 

other  important  points  in  the  driving  of  the  Ophelia  Tunnel  in  the  Cripple 

Creek  district,  Colo. 

Western  practice  in  tunnel  driving.    Mine  and  Quarry,  May,  1007,  pp. 


118-122.  Describes  the  equipment  and  methods  used  in  driving  the  Oi^elia 
Tunnel,  Cripple  Creek,  Colo. 

Dodge,  S.  D.,  and  Hake,  W.  B.  The  Hudson  River  siphon  crossing  of  the  Cats- 
kill  Aqueduct  Bug.  Rec.,  October  8,  1910,  p.  414;  October  15,  1910,  p.  435. 
Describes  preliminary  investigations  and  sinking  of  shafts. 

Emebson,  H.  D.  Long-distance  gas  transmission.  Cassier*s  Mag.,  May,  1910,  p. 
275.  Facts  connected  with  the  long-distance  pumping  of  natural  gas 
through  pipe  lines  from  the  fields  of  Pennsylvania  and  West  Virginia. 

Eztgineesing  and  Mining  Joxtbnal.  Air  consumption  of  rock  drills.  Vol.  82, 
October  6,  1906,  p.  648.  Gives  figures  for  the  air  consumption  of  drills  at 
80  pounds  pressure. 

Circuit  tester  for  blasting.    Vol.  90,  December  17,  1910,  p.  1195;  Min. 

and  Sci.  Press,  October  22, 1910,  p.  543.  Describes  a  galvanometer  for  test- 
ing a  blasting  circuit  before  firing. 

Compressor  precooler.    Vol,  88,  November  27,  1909,  p.  1081.    Describes 

a  simple  homemade  precooler  consisting  of  a  number  of  odd  pipes  kept 
constantly  wet 

EflSciency  of  hydraulic  air  compression.    Vol.  86,  August  1,  1908,  p.  228. 

Abstract  of  article  in  Glfickauf  for  March  14,  1908,  by  O.  Bernstein.  Con- 
tains a  description  of  a  hydraulic  compressor  Installed  in  one  of  the  mines 
at  Clausthal,  together  with  results  of  tests  of  its  efficiency. 

Improved  methods  in  mine  ventilation.    VoL  86,  November  28,  1908,  p. 

1069.    Discusses  the  use  of  centrifugal  fkns  in  mine  v^tilation. 

Loading  a  hole  with  dynamite.  Vol.  83,  March  7,  1907,  p.  491.  Dis- 
cusses mistakes  commonly  made  in  loading  a  hole,  and  the  methods  of 
avoiding  them. 

Loading  blast  holes.    Vol.  86,  November  7,  1908,  p.  918.    Gives  reasons 

for  placing  the  primer  at  the  bottom  of  the  hole. 

New  boring  machines  for  tunneling.    Vol.  84.  November  23,  1907.  p.  969. 

Discusses  three  types  of  tunneling  machines,  giving  their  defects. 

Novel  electric-driven  compressor  plant  at  New  Modderfontain.    Vol.  90, 


September  17,  1910,  p.  550.    Describes  a  precooler  consisting  of  a  subway 
leading  to  a  building  having  walls  and  floor  of  cocoa  matting. 
—  Prevention  of  mine  accidents.    Vol.  86,  December  5,  1908,  pp.  1O8&-1004. 
Report  of  committee  of  American  Mining  Congress  to  investigate  laws 
relating  to  metal  mining. 


Digitized  by  LjOOQIC 


BIBUOGRAPHY.  243 

ENQI2VKBINQ  AiTD  MiifiNG  JouBNAL.  Speed  in  Small  drifts.  Vol.  86,  October  17, 
1906,  p.  778.  Dlscussea  methods  to  be  need  in  driving  tmmels  and  drifts 
when  speed  is  sougiit. 

The  necessity  for  strong  detonators.    Vol.  90,  September  10,  1910,  p. 

498.    Discusses  the  advantages  of  the  nse  of  strong  detonatora 

The  Scott  gasoline  rock  drill.    Vol.  86,  November  21,  1908,  p.  1006;  Min. 


ScL  Press,  December  19,  1908,  p.  852;  Eng.  News,  November  26,  1908,  p. 

CT5.    Brief  description  of  a  two-cycle  gasoline  rock  drill. 
E^TGiNEEBiiro-GoiTTBACTENo.  Methods  and«  costs  of  constructing  a  water-supply 

tunneL    May  25, 1910,  p.  472.    Describes  the  electrically  driven  power  plant 

near  Fort  WlUlams,  Ontario. 
Method  of  making  water-tight  by  grouting  the  Yonkers  pressure  siphon 

of  the  Gatskill  Aqueduct.     February  9,  1910.     Description  of  grouting 

machine,  giving  dimensional  drawings  and  method  of  use  in  grouting  tho 

Tonkers  Siphon. 
Becords  of  driving  rock  tunnels  and  some  comments  on  the  high  cost 


of  the  Elizabeth  TunneL    December  9,  1908,  p.  393.    Ck)ntains  a  compilation 
of  tunnel  records,  both  European  and  American. 
—  Some  published  costs  of  tunnel  work  in  the  Los  Angeles  Aqueduct. 


June  1,  1910. 
Engikeebiko  News.  Air-compressor  accidents  in  the  Transvaal.    Vol.  63,  March 

17,  1910,  p.  301.    Discusses  the  probable  cause  of  several  explosions,  and 

gives  the  precautions  taken  to  prevent  their  recurrence. 
An  English  gasoline  rock  drill.    November  17,  1910,  p.  538 ;  Compressed 

^Alr  Mag.,  December,  1910,  p.  5873.    niustrated  description. 
Driving  spiral  tunnels  on  the  Canadian  Pacific  Railway.    November  10, 


1910,  p.  512.    Description  of  this  work. 

—  Machine  for  boring  rock  tunnels.  November  19,  1908,  p.  556.  Descrip- 
tion of  one  type  ot  tunneling  machine. 

—  Bates  of  progress  of  Chicago,  Milwaukee  &  St  Paul  tunnel  through 
Bitter  Root  Mountains,  Mont  July  2,  1908,  p.  9.  Gives  the  progress  on  the 
work  for  March,  April,  and  May,  1906. 

—  Becords  in  rock  tunneling.  April  2, 1908,  p.  377.  Contains  a  compilation 
ci  the  maximum  rates  of  progress  at  a  number  of  American  and  European 
tunnel& 

—  Beport  on  the  proposed  board  of  water  supply  pressure  tunnel  beneath 
New  York  City.  Vol.  63,  June  2,  1910,  pp.  665-6.  Brief  historical  account 
of  the  project  with  presentation  of  estimates  and  discussion  of  this  and 
other  distribution  plans. 

—  Test  of  a  double-zone  bituminous  gas  producer.  July  1,  1909,  p.  13. 
Besults  of  experimental  work  at  the  plant  of  the  Westinghouse  Machine 
Co.  at  E^st  Pittsburgh. 

-  The  commercial  aspects  of  present  and  proposed  Alpine  railroad  tunnels. 


December  5,  1907,  p.  613.    With  map  showing  16  tunnels  in  the  Alps. 
Ehgikeebiho  Becord.    a  private  sewer  in  rock  excavation.    April  11,  1908,  p. 

496.   Describes  construction  of  a  6-foot  sewer  draining  submerged  yards  of 

the  new  Grand  Central  Station,  New  York. 
A  producer-gas  power  plant  April  4, 1908,  p.  478.    A  brief  reference  to  a 

test  of  a  600-horsepower  producer-gas  plant  at  the  works  of  David  Bowan 

&  Co.,  Glasgow. 
Compressed  air  in  construction  work.    August  14,  1909,  p.  179.    Dia- 


cQSses  the  advantages  of  compressed  air  over  steam  for  the  operation  of 
drills,  pumps,  etc.,  in  construction  work. 
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Enoineerino  Recoiu).  Cost  of  power  for  various  industrleSw  December  25,  1909, 
p.  711.  Review  of  paper  before  the  Boston  Society  of  Civil  Engineers,  by 
C.  T.  Main.  Concerns  steam  power  for  textile  mills,  under  varying  condi- 
tions, assuming  tbat  it  Is  ultimately  converted  into  electricity. 

Cost  of  power  production  in  small  steam  plants.    April  30,  1910,  p.  570. 

Discusses  the  cost  of  steam-electric  power  in  small  stations  and  deecribes 
four  examples. 

Electricity  in  the  construction  of  the  Los  Angeles  Aqueduct    July  16, 

1910,  pp.  80,  81.  Describes  central  generating  station  and  cost  of  transmis- 
sion line. 

— —  Electric  power  costs  in  small  station.  January  9,  1909,  p.  dO.  Diacuases 
the  power  costs  at  several  small  towns  near  Boston,  Mass. 

Laramie-Poudre  Tunnel.    July  2,  1910,  p.  11.    Description  of  work  on 

Laramie  Tunnd. 

Preliminary  work  on  the  Los  Angeles  Aqueduct.    February  8,  1908,  p. 

144-147.  Describes  scheme  of  aqueduct  work  done  up  to  January  1,  1908, 
power  plants  for  supplying  aqueduct,  and  the  equipment  for  the  Elizabeth 
Tunnel. 

Proposed  delivery  system  of  the  Catskill  water  supply.    December  11, 

1909,  pp.  653,  654.    Plan,  profile,  and  description  of  the  system. 

Progress  of  the  northwest  water  tunnel  in  Chicago.    August  7,  1909,  p. 

144.    Description  of  the  tunnel  and  the  methods  used  in  driving  it 

Rock  excavation  with  a  portable  air-compressor  outfit    January  2,  1909, 

p.  25.    Describes  and  discusses  portable  gasoline  compressor. 

Test  of  a  small  gas-producer  plant.    March  28,  1908.  p.  375.    Describes 

the  15-horsepower  plant  of  the  Weber  Wagon  Works,  Chicago,  and  gives 
the  results  of  tests. 

The  compressed-air  plant  for  the  Rondout  Siphon.     April  10,  1909,  p. 

490;  Compressed  Air  Mag.,  June,  1909,  p.  5391.  Description  of  a  com- 
pressed-air plant  of  24,000  cubic  feet  capacity  for  the  Rondout  siphon 
tunnel  of  the  Catskill  Aqueduct 

The  Hunters  Brook  Tunnel  construction.     April  2, 1910,  p.  454.    Describes 

the  steam-power  plant,  and  equipment  and  methods  employed  In  this  work. 

The  Moodna  pressure  tunnel  of  the  Catskill  Aqueduct  (power  plants). 

June  4,  1910,  p.  731.  Description  of  the  two  power  plants  used  to  famish 
the  compressed  air  used  in  driving  the  tunnel. 

The  second  Raton  Hill  Tunnel  of  the  Atchison,  Topeka  &  Santa  Fe 

Railway.  April  4, 1908,  p.  461.  Contains  a  description  of  the  steam-power 
plant  for  the  tunnel.  Describes  the  methods  and  equipment  used  in  this 
work. 

The  suction  gas-producer  plant  at  the  shops  of  Fairbanks,  B^rse  &  Co. 

September  5,  1908,  p.  272.  Description  of  this  plant  giving  also  results 
of  tests. 

The  utilization  of  small  water  powers.  September  7,  1907,  p.  247.  Dis- 
cusses the  development  of  comparatively  small  streams. 

Tunneling  record  on  the  Catskill  Aqueduct     October  15,  1910,  p.  441. 

Discusses  the  methods  employed  in  making  a  record  run  (September,  1910, 
523  feet)  on  the  Wallkill  Siphon. 

Wallkill  pressure  tunnel.    April  2,  1910,  p.  450.    £>escribe8  the  prelimi- 


nary investigations  and  the  equipment  installed  for  this  work. 
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Etesest,  H.  a.  Tunnel  machlnea  Mln.  and  Met  Jour.,  September  6, 1908,  p.  4. 
TheslB,  Colorado  School  of  Mines;  an  elaborate  study  of  tunnel  machines. 
Gives  dates  of  patents  and  results  of  experiments  with  the  various  ma- 
chines. 

Febnald,  B.  H.  Features  of  producer-gas  power-plant  development  in  Burope. 
Bureau  of  Mines  Bull.  4, 1910,  27  pp.  Briefly  summarizes  some  features  of 
gas-producer  practice,  with  particular  reference  to  the  use  of  low-grade 
fuels. 

Producer-gas  power  plant  in  the  United  States.  Cassier's  Mag.,  Febru- 
ary, 1906,  p.  582. 

FicHTEL,  C.  L.  C.  Calumet  and  Heda  drill-sharpening  device.  Eng.  and  Mln. 
Jour.,  vol.  87,  May  29,  1909,  pp.  1073-1075.  Illustrated  description  of  plant 
that  handles  4,000  driUs  daily. 

Fitch,  T.  W.,  Jr.  Mine  resistance.  W.  Va.  Coal  Min.  Inst.,  June  7,  1910.  Dis- 
cusses the  calculation  of  mine  resistance  and  gives  a  number  of  tables  show- 
ing the  friction  in  airways. 

Fleming,  W.  S.  Selection  and  framing  of  timber.  Eng.  and  Min.  Jour.,  vol.  88, 
August  28,  1909,  p.  428. 

Foote,  a.  B.  Dumping  waste  with  locomotive  train.  Eng.  and  Min.  Jour.,  vol. 
86,  October,  10,  1908,  p.  711.  Describes  a  plow  that  could  be  attached  to 
the  Old  of  a  train  of  dump  cars  and  push  the  rock  over  the  edge  of  the 
dump  when  pulled  by  the  locomotive,  thus  obviating  the  need  of  shifting 
the  track  so  frequently. 

Fox,  Fbancis.  The  Simplon  Tunnel.  Proc.  Inst  Civ.  Eng.,  vol.  175,  1907,  p.  61. 
A  comprehensive  description,  giving  methods  of  driving,  plans  adopted  to 
overcome  difficulties,  costs,  etc. 

Gasulnd,  C.  M.,  and  Kbatz,  A.  P.  Tests  of  a  suction  gas  producer.  Univ.  of 
111.  Bull.  50, 1911,  90  pp.  Reviews  theory^  of  gas  producer,  explaining  object 
of  tests,  methods  of  experimenting,  giving  results  and  conclusions. 

Gradenwitz,  Alfbed.  a  new  gas  producer  for  low-grade  fuel.  Power  and  the 
Eng.,  October  19, 1909,  p.  653.  Discusses  a  gas  producer  designed  to  operate 
upon  anthracite,  coke,  and  smoke-chamber  dust  and  other  rubbish,  giving 
figures  showing  the  consumption  of  these  materials  per  horsepower-hour. 

A  novel  rock  drUl.    Eng.  and  Min.  Jour.,  vol.  87,  June  12,  1909,  p.  1181. 

Describes  a  German  electric  drill  having  the  motor  connected  directly  with 
the  dria 

Gray,  Alexander.  Compressed  air  for  mining  in  Cobalt  district  Mining  World, 
December  12,  1908,  p.  877.  Factors  influencing  the  supply  of  air  for  mines. 
Marked  increase  in  steam  and  gas-producer  plants  in  last  four  years.  Cost 
of  compressing  air.    Taylor  hydraulic  air-compressor  system. 

Power  plants  of  the  Cobalt  district,  Ontario.     Mining  World,  July  23, 

1910,  p.  131. 

Grimshaw,  Robebt.  Importance  of  acetylene  in  mine  operations.  Mining  World, 
October  16,  1909,  p.  779.  Describes  German  practice  as  abstracted  from  an 
article,  "  Kohle  und  Erz,"  by  R.  Penkert 

Haight,  H.  V.  Steam-driven  air  compressors  in  Cobalt  Can.  Min.  Jour.,  April  1, 
1910,  p.  209.  Discussion  of  the  paper  by  R.  L.  Webb  in  Canadian  Mining 
Journal,  February  15,  1910,  p.  102. 

Halsey,  F.  a.  a  new  development  in  air  compressors.  Eng.  and  Min.  Jour.,  vol. 
84,  August  31, 1907,  p.  397.  A  constant-speed,  electrically  operated,  variable- 
delivery  air  compressor  that  automatically  varies  the  delivery  to  meet 
fluctuating  demand. 
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Hangock,  H.  S.,  Jr.  Method  and  cost  of  constructing  a  water-supply  tnnnel 
tbrougb  rock  by  day  labor  and  costs  of  supplementary  structures.  Eng. 
Gontng.,  May  25,  1010.  Discusses  the  choice  of  power  and  describes  the 
equipment  and  methods  used  in  driving  a  water-supply  tunnel  for  Fort 
Williams,  Ontario.    Ck>ntains  figures  showing  the  cost  of  this  work. 

Habding,  J.  B.  Piston  or  hammer  drills.  Compressed  Air  Mag.,  December,  1910, 
p.  5886.  Discusses  the  advantages  and  disadvantages  of  the  two  types  of 
drill. 

Habt,  J.  H.  Ck>mpres8ed  air  in  mining.  Bng.  and  Min.  Jour.,  vol.  88,  1907,  p. 
855.  Describes  principle  of  the  Taylor  air  compressor  and  suggests  a  simple 
application  of  it  for  use  in  mine  shaft 

Habvxt,  E.  a.  Power  gas  from  bituminous  coal.     Oassler's  Mag.,  November, 

1907,  p.  199.  States  that  the  bituminous  gas  producer  is  no  longer  an  ex- 
periment and  describes  several  such  producers  that  will  give  satisfactory 
service. 

Haupt,  L.  M.  Great  tunnels.    Cassier's  Mag.,  vol.  23,  December,  1906,  p.  175. 

Mentions  several  great  tunnels  in  this  country  and  abroad. 
Hay,  J.  K.  Loading  blast  holes.    Eng.  and  Min.  Jour.,  vol.  86,  November  14, 

1908,  p.  971.    Gives  reasons  for  placing  the  primer  at  the  top  of  the  charge. 
Hbiklt,  B.  a.  The  longest  aqueduct  in  the  world.    Outlook,  vol.  93,  September 

25,  1909,  pp.  215-220.    Popular  account  of  the  Los  Angeles  Aqueduct    Does 

not  pretend  to  be  an  engineering  account 
Hbnninos,  F.    Long  railway  tunnels  in  the  Alps.    Proc.  Inst  Civ.  Eng.,  vol.  181. 

1910,  p.  606.    A  short  but  comprehensive  review  of  the  author's  opinions  on 

construction  and  operation  of  Alpine  tunnela 
Hebbick,  R.  L.  Kama  tunneling  machine.    Mines  and  Minerals,  October,  1908, 

p.  110.    Contains  a  general  description  of  the  machine,  and  gives  the  results 
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Sttflee,  H.  H.  The  explosion  gas  turbine.  Cassier's  Mag.,  November,  1909,  p.  79. 
Describes  an  experimental  explosion  gas  turbine  of  2  horsepower  as  devel- 
oped by  M.  Karavodine  in  Pari& 

Talbot,  F.  A.  The  Walski  hydraulic  rock  drill.  Eng.  and  Min.  Jour.,  vol.  89, 
June  18, 1910,  p.  1278 ;  Compressed  Air  M<ig.,  March,  1910,  p.  5682.  Describes  a 
rock  drill  that  utilizes  water-hammer  eifect  produced  when  a  moving  column 
of  water  is  suddenly  stopped. 

Thomas,  H.  M.  The  theory  of  blasting  with  high  explosives.  Eng.  and  Min. 
Jour.,  vol.  88,  August  21,  1909,  p.  852.  Discussion  of  blasting  in  stopes  on 
the  Rand. 

Thwaite,  B.  H.  The  blast  furnace  as  a  center  of  power  production.  Cassier's 
Mag.,  November,  1907,  p.  23. 

TuBNER,  H.  L.  Loading  blast  holesi  Eng.  and  Min.  Jour.,  vol.  86,  August  29, 
1908,  p.  433.  Discusses  the  preparation  of  the  primer  and  its  position  in 
tbe  hola 

Ttssowski,  John.  Practical  test  of  a  tunnel  machine.  Eug.  and  Min.  Jour.,  voL 
87,  June  26,  1909,  p.  1296;  Proc.  Inst  Civ.  Eng.,  vol.  178,  1909,  p.  411.  De- 
scribes the  attempt  to  use  a  tunneling  machine  in  connection  with  the  exca- 
vation for  the  New  York  Central  railway  station;  also  describes  the 
machine. 

Von  Emfebgeb,  Fbitz.  Notes  on  the  use  of  concrete  in  mine&  Concrete  and 
Constructional  Eng.  Mag.,  May,  1908,  p.  134. 

Walkeb,  S.  F.  Firing  shots  in  mines  by  electricity.  Eng.  and  Min.  Jour.,  vol.  89, 
January  22, 1910,  p.  228.  A  discussion  of  the  causes  leading  to  misfires,  and 
suggestions  with  respect  to  the  selection  of  electric  fuses. 

Webb,  R.  L.  Cost  of  producing  compressed  air  at  a  Canadian  mining  camp. 
Can.  Min.  Jour.,  February  15,  1910,  p.  102  Results  of  tests  on  two  steam- 
driven  air  compressors. 

Webbeb,  W.  O.  Comparative  costs  of  gasoline,  gas,  steam,  and  electricity  for 
small  powers.  Eng.  News,  August  15,  1907,  p.  159.  Gives  itemized  cost 
tables  for  2,  6,  10,  and  20  horsepower  plants. 
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Weston,  E.  M.  Surface  trials  in  Rand  stope-drill  competition.  Eng.  and  Min. 
Jour.,  vol.  87,  May  15,  1909,  p.  998.  Description  of  the  tests,  giving  a  list  of 
ttie  competing  drills  and  some  conclusions  based  on  the  surface  trials. 

Ways  of  improving  piston  and  hammer  drills.    Eng.  and  Min.  Jour.,  vol. 

87,  March  13,  1909,  p.  549.  Recommendations  for  Improving  the  efficiency 
of  drills,  based  upon  the  rec^it  South  African  drill  competition. 

White,  T.  L.  The  reliability  of  the  gas-producer  plant,  Gassler*s  Mag.,  vol.  34, 
October,  1908,  pp.  563-568.  Describes  a  test  made  upon  a  small  gas-producer 
plant  and  discusses  reliability  of  gas  plants  as  compared  with  that  of  other 
plants. 

WiGGiN,  T.  H.  The  design  of  pressure  tunnels  of  the  Catskill  Aqueduct.  ESng. 
Record,  January  29,  1910.  Describes  deep  concrete-lined  tunnels  which  are 
to  be  subjected  to  hydrostatic  pressure. 

WiOHTMAN,  L.  I.  Compressed  air :  Its  production,  transmission,  and  application. 
Proc.  Eng.  Soc.  Western  Pennsylvania,  vol.  22,  June,  1906,  p.  197.  A  de- 
tailed discussion  of  the  problems  encountered  in  air  compression,  including 
stage  compression,  cooling  devices,  types  of  compressors,  and  receivers. 

WooDBRiDGE,  D.  E.  The  hydraulic  compressed-air  power  plant  at  the  Victoria 
mine  (Michigan).  Eng.  and  Min.  Jour.,  vol.  83,  January  19,  1907,  p.  125. 
Describes  an  installation  of  the  Taylor  system.  Tested  efficiency  of  plant, 
82  per  cent 

Young,  H.  A.  Methods  of  tunnel  work  and  cost  data  on  an  irrigation  project. 
Eng.  News,  February  4,  1909,  p.  128.  Concerns  three  small  tunnels  in 
Montana. 

1911-1913. 

Affelder,  W.  L.  Air-compressor  explosions  Mines  and  Minerals,  June,  1912, 
p.  651.  Some  unique  data  upon  the  initial  temperature  of  an  air-com- 
pressor explosion  furnished  by  a  recording  thermcmieter. 

Babboxjb,  p.  E.  Where  should  the  primer  go?  Eng.  and  Min.  Jour.,  vol.  93, 
April  27, 1912,  p.  825.  Sums  up  the  recent  discussion  on  this  subject,  quot- 
ing from  various  contributors,  and  concludes  that  the  primer  should  always 
be  placed  last  in  drill  holes ;  and  that  whenever  there  is  a  valid  argument 
against  putting  It  there,  there  are  still  stronger  arguments  for  doing  so. 

Babnes,  H.  B.  Storage-battery  mine  locomotive.  Eng.  and  Min.  Jour.,  vol.  92, 
December  30,  1911,  p.  1278 ;  Elec.  Rev.  and  W.  Electrician,  January  6,  1912, 
p.  52.  Description  of  storage-battery  mine  locomotives  recently  installed  at 
Big  Five  Tunnel,  Idaho  Springs.  , 

Bateman,  C.  G.  Electric  heater  for  air-line  drains.  Eng.  and  Min.  Jour.,  vol.  93, 
April  27,  1912,  p.  831.  Description  and  drawing  of  an  electric  heater  used 
to  prevent  the  freezing  of  the  drains  in  the  pipe  line  of  the  British  Canadian 
Power  Co.  (cobalt  district). 

The  Cobalt  Hydraulic  Co.    Eng.  and  Min.  Jour.,  vol.  92,  November  18, 

1911,  p.  998.  Description  of  a  Taylor  compressor  in  which  the  air  is  drawn 
into  a  falling  column  of  water.  Compressed  air  is  sold  at  25  cents  per  1,000 
cubic  feet  at  120  pounds  pressure. 

Beckeb,  Arnold.  Bottom  heading  driving  on  the  Hunter  Brook  TunneL  Eng. 
Record,  vol.  64,  September  23,  1911 ;  Compressed  Air  Mag.,  November,  1911, 
p.  6224.    Discusses  the  advantages  of  the  methods  used. 

Blackbxtbn,  Ward.  Notes  on  the  design  of  drill  bits.  Eng.  and  Min.  Jour.,  vol. 
93,  1912,  p.  927.  An  article  on  the  proper  shape  of  drill  bit&  Advocates 
the  use  of  sharpening  machines. 

Brinsmade,  R.  B.  Explosives  used  in  mining.  Compressed  Air  Mag.,  June, 
1911,  p.  6076.  Discusses  the  nature  of  explosives  used  in  mining  and  some 
of  the  factors  influencing  their  choice. 
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Bbown,  H.  S.  Where  should  the  primer  go?  Eng.  and  Min.  Jour.,  vol.  93, 
March  16,  1912,  p.  533.  Gives  reasons  for  placing  the  primer  in  the  bottom 
of  the  hole. 

Brunton,  D.  W.  Notes  on  the  Laramie-Poudre  Tunnel.  Bull.  Am.  Inst.  Min. 
Eng.,  April,  1912,  p.  857;  abstract  in  Eng.  and  Min.  World,  May  4,  1912, 
p.  958.    Describes  method  and  equipmait  used  at  this  tunnel. 

Choblton,  a.  E.  Li.  Gas  engines  for  collieries.  Goal  Age,  April  13, 1912,  pp.  876- 
879.  (Paper  read  before  Midland  Institute  of  Mining,  Givil,  and  Mechanical 
Engineers.)  Gas  engines  are  being  largely  used  at  British  collieries  for  the 
generation  of  power.  The  gas  is  generated  either  in  producers  or  in  coke 
ovens.  A  producer  can  sometimes  be  made  to  yield  such  products  from  by- 
products, if  the  fuel  is  of  low  grade,  that  even  without  using  the  gas  pro- 
duced the  installation  will  justify  its  erection. 

Coal  Age.  A  comparative  test  for  air  drills.  April  6,  1912,  pp.  842-843.  De- 
scribes a  convenient  method  of  testing  the  air  consumption  of  drills. 

A  remarkable  bore  hole.  March  23,  1912,  p.  778.  Describes  and  illus- 
trates a  method  of  drilling  a  bore  hole  to  tap  an  old  working,  containing 
water,  under  287  pounds  pressure. 

CoixiNS,  G.  A.  Efficiency  engineering  applied  to  mining.  Min.  and  Eng.  World, 
April  20,  1912,  pp.  869-870.  Discusses  the  ways  and  means  of  applying 
"  scientific  management "  to  mining  work. 

Compressed  Aib  Magazine.  Freezing  up  of  compressed-air  lines.  April,  1911, 
p.  6017. 

The  top-heading  and  the  bottom-heading  method  of  attack  in  tunnel 

construction.  February,  1911,  p.  5942.  Discusses  the  merits  of  the  two 
ifystems. 

Two  electric-drill  records  with  costs.    Vol.  14,  1909,  p.  5300.    Drilling 

in  slate,  sandstone,  and  limestone  with  "electric  air'*  drill. 

Coy,  B.  G.  The  Laramie-Poudre  Tunnel.  Eng.  Record,  January  14,  1911 ;  Proc. 
Am.  Soc.  Civ.  Eng.,  March,  1912,  p.  217.  Description  of  equipment  and 
methods  used  in  driving  the  tunnel. 

Dana,  R.  T.,  and  Saundebs,  W.  L.  Rock  drilling.    1911,  300  pp. 

Davy,  Nobman.  The  gas  turbine.  Engineer  (London),  April  26,  1912,  p.  421- 
The  fifth  of  a  series  of  articles  on  the  gas  turbine,  containing  a  description 
of  turbocompressors  as  one  of  the  accessory  machines  required  with  the 
gas  turbine. 

Diesel,  Rudolph.  The  present  status  of  the  Diesel  engine  in  Europe.  Jour. 
Am.  Soc.  Mech.  Eng.,  June,  1912.  40  pp. 

Doll,  M.  G.  Strawberry  Valley  Tunnel  of  the  Strawberry  Valley  irrigation 
project  of  Utah.  Mine  and  Quarry,  May,  1911,  p.  483.  Describes  methods 
and  equipment  and  gives  some  figures  showing  the  cost  of  the  work. 

Ekgineeb  (London).  Temporary  power  plant  for  the  Woolwich  footway  tunnel. 
January  12,  1912,  pp.  46-47.  Description  of  a  plant  using  suction  gas 
producers  as  a  source  of  motive  power  to  operate  the  air  compressors  for 
a  tunnel  under  the  Thames  driven  under  compressed  air. 

The  bituminous  gas  engine  in  South  Africa.     March  8,  1912,  p.  258. 

Describes  the  producer  and  gives  results  of  its  use  at  the  Groenfontein  tin 
mines  in  the  Transvaal. 

Turbo  blowers  and  compressors.    May  31,  1912,  p.  678.    Describes  a  20- 

stage  machine  installed  at  Manchester,  England,  and  discusses  the  advan- 
tages of  turbocompressors. 

Unloading  device  for  air  compressors.    May  24,  1912,  p.  542.    Describes 

a  device  that,  when  the  compressor  is  not  working  at  full  load,  permits  a 
part  of  the  air  being  compressed  in  the  cylinder  to  flow  back  to  the 
atmosphere  or  the  intercooler,  as  the  case  may  be. 
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Engineering.  Free-piston  internal-combustion  air  compressor.  March  1,  1912, 
p.  285.  Description  of  a  machine  recently  developed  by  Signor  Matricardi, 
Palanza,  Italy,  in  wbicb  a  heavy  piston  is  propelled  from  one  ^id  of  a 
cylinder  to  the  other  and  during  its  motion  compresses  air  in  front  of  it 

Enoineebino  and  Mining  Joubnal.  Gasoline  motors  for  mines.  Vol.  01,  May 
20,  1911,  p.  292.  Discusses  some  of  the  advantages  of  gasoline  mine  loco- 
motives. 

Proportion  of  air  mains  and  branches.    Vol.  92,  November  25,  1911,  p, 

1027.  A  table  prepared  by  the  Green  Fuel  Economizer  Co.  showing  dia- 
metrics  of  branches  that  can  be  supplied  by  mains  of  certain  sizes. 

Transvaal  stope-drill  competition.     Vol.  91,  January  21,  1911,  p.  163. 


Abstract  of  official  report 

ENGiNEEBiNO-Ck>NTRAcnNG.  A  uovel  devlce  for  reheating  compressed  air  for  use 
in  rock  drills.  November  22,  1911,  p.  542.  Describes  an  automatic  reheat- 
ing device  using  vaporized  liquid  fuel. 

— = —  Comparison  of  speed  of  drilling  the  Laramie-Poudre  Tunnel  with  recent 
European  tunnel  records.  June  5,  1912,  p.  630.  Abstract  from  Proc.  Am. 
Soc.  Civ.  Eng.,  vol.  38,  1912,  p.  707,  of  a  discussion  by  W.  L.  Saunders  of 
B.  G.  Coy's  paper  on  the  Laramie  Tunnel.    Compares  methods  employed. 

Enoineebino  News.  Driving  spiral  tunnels  on  the  Canadian  Pacific  Railway. 
Vol.  64,  November  10, 1910,  p.  512.    Comp.  Air  Mag.,  February.  1911,  p.  5931. 

What  is  the  Diesel  engine.    April  4,  1912,  pp.  654-656.     Describes  in 

nontechnical  language  the  principles  upon  which  this  machine  operates. 

Engineering  Record.  High-tension  line  problems.  March  18,  1911,  p.  289.  Dis- 
cusses some  of  the  difficulties  connected  with  high-tension  electric  linea 

Joining  the  headings  of  the  Loetschburg  Tunnel.    May  6,  1911,  p.  491. 

Contains  a  brief  discussion  of  the  methods  used  in  driving  the  tunnel. 

Motor  trucks  for  hauling  blasted  rock  from  city  aqueduct  tunnel.  New 

York.  March  20,  1912,  p.  351.  A  2-mile  haul  from  shaft  to  dump  on 
contract  65  required  facilities  for  rapid  transportation  of  large  loads 
through  city  streets.    Gives  the  costs  of  the  work. 

Newton    pressure    tunnel    of    the    Metropolitan    waterworks,    Boston. 

October  28,  1911.  Description  of  a  concrete-lined  waterway  in  rock  with 
short  section  of  80-lnch,  mortar-lined,  and  concrete-covered  steel  pipe  at 
either  end. 

Notes  in  driving  the  Elizabeth  Lake  Tunnel.    January  20,  1912,  p.  72. 


An  abstract  from  the  annual  report  of  the  chief  engineer,  Los  Angeles 
Aqueduct,  for  the  year  ended  June  30,  1911,  describing  several  interesting 
features  of  the  work.  , 

Febnald,  R.  H.  The  gas-power  field  for  1911,  a  review  of  the  past  year.  Scl. 
Am.,  Suppl.  January  27,  1912,  p.  58.  Paper  read  before  the  gas-power 
section  of  the  American  Association  of  Mechanical  Engineers. 

Fltnn,  a.  D.  Rondout  pressure  tunnel  of  the  Catskill  Aqueduct.  Ihig.  News, 
June  1,  1911,  p.  654.    Describes  the  tunnel  chiefly  as  to  design. 

Garland,  C.  M.  Bituminous  coal  producers  for  power.  Jour.  Am.  Soc  Mech. 
Eng.,  June,  1912,  pp.  833-852.  Describes  the  apparatus  and  general  ar- 
rangement of  bituminous  coal  producers  as  designed  for  power.  Discusses 
also  the  efficiency  of  the  plant,  composition  of  the  gas,  and  operating  costs. 

Gavin,  W.  H.  Arthurs  Pass  Tunnel.  Eng.  News,  May  9,  1912,  p.  870.  De- 
scribes a  5-mile  railway  tunnel  in  New  Zealand. 

Gordon,  W.  D.  The  Transvaal  stope-driU  competition.  Eng.  and  Min.  Jour.. 
vol.  91,  February  18, 1911,  p.  356.  Comments  on  the  report  of  the  committee 
in  charge,  with  a  reply  by  the  editor  of  Eng.  and  Min.  Jour. 
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Halt.,  Clasesce,  and  Howell,  S.  P.  Investigations  of  fose  and  miners'  squibs. 
Bureau  of  Mines  Xeclmical  Paper  7,  1912,  19  pp.  Discusses  the  essential 
features  of  squibs  and  miners'  fuse  and  gives  the  results  of  various  tests. 
The  salient  features  of  specifications  adopted  for  the  purchase  of  fuse  for 
use  on  the  Canal  Zone  and  suggestions  regarding  the  transportation  and 
use  of  fuse  are  given. 

Magazines  and  thaw  houses  for  explosives.    Bureau  of  Mines  Technical 

Paper  18,  1912,  34  pp.  Describes  a  magazine  and  a  thaw  house,  each  con- 
structed of  cement  mortar,  and  gives  the  quantity  of  material  required  for 
construction.  Points  out  the  features  essential  for  safe  storage  of  ezplo- 
8ive&  Is  of  interest  to  persons  who  supervise  the  storage  and  use  of  large 
quantities  of  explosives. 

The  selection  of  explosives  used  in  engineering  and  mining  operations. 


Bureau  of  Mines  Bull.  48,  1912,  50  pp.  States  the  characteristics  of  dif- 
ferent classes  of  explosives  and  sets  forth  the  results  of  tests  showing  the 
suitability  of  explosives  for  different  kinds  of  blasting.  The  bulletin  is 
written  for  the  information  of  all  persons  interested  in  the  use  of  explosives 
for  blasting  rock. 

Hall,  Clasence,  Snelling,  W.  O.,  and  Howell,  S.  P.  Investigations  of  explosives 
used  in  coal  mining,  with  a  chapter  on  the  natural  gas  used  at  Pittsburgh,  by 
G.  A.  Burrell  and  an  introduction  by  C.  E.  Munroe.  Bureau  of  Mines  Bull. 
15,  1911,  197  pp.  Is  Intended  especially  for  explosives  chemists,  but  con- 
tains information  of  interest  to  all  persons  who  have  occasion  to  supervise 
the  purchase  or  use  of  large  quantities  of  explosives.  Discusses  the  thermo- 
chemistry of  explosives  and  the  equipment  and  methods  used  by  the  Bureau 
of  Mines  in  testing  explosives. 

Habdestt,  W.  p.  Cornelius  Gap  Tunnel,  United  Railways  Co.,  near  Portland, 
Oreg.  Eng.  News,  June  29,  1911,  p.  783.  Brief  description  of  methods  and 
equipment. 

Holdswobth,  F.  D.  Volumetric  efficiency  of  air  compressors.  Eng.  and  Mln. 
Jour.,  vol.  93,  May  25, 1912,  p.  1028.  Discusses  the  unavoidable  losses  in  air 
compression.  Describes  an  apparatus  for  measuring  the  quantity  of  air 
delivered  by  the  machine,  which  is  the  only  way  to  obtain  an  accurate 
determination  of  its  efficiency. 

Hutchinson,  R.  W.,  Jr.  Modification  of  mining  methods  by  electric  machinery. 
Eng.  Mag.,  July,  1911,  p.  592.  Discusses  the  development  of  the  electric 
drill  and  describes  several  types  that  are  giving  satisfaction  at  the  present 
time. 

Ibon  Age.  New  bituminous  gas  producer.  Vol.  88,  December  14,  1911,  p.  1310. 
Illustrates  and  describes  the  Nordensson  furnace  gas  producer. 

Turbocompressors  in  practical  service.  Vol.  89,  April  4,  1912,  p.  842.  Dis- 
cusses the  commercial  promise  of  turbocompressors  and  blowers  and  the 
efficiency  of  the  different  means  of  driving  them.  Also  cites  several  instal- 
laUon& 

Ibon  and  Coal  Tbades  Review.  Turboblowers  and  turbocompressors.  May 
31,  1912,  p.  874.  Gives  results  of  tests  of  a  single-stage  rotary  blower 
and  illustrates  several  turboblowers  and  turbocompressors. 

Jokes,  J.  W.  The  intercooler  in  stage  compression.  Compressed  Air  Mag.,  July, 
1911,  p.  6100.  Abstract  of  an  article  in  Machinery  describing  and  giving 
the  functions  of  intercoolers. 

Kenneb,  a.  R.  Mine  tracks.    Eng.  and  Mln.  Jour.,  vol.  91,  May  27,  1911,  p.  1047. 
Discusses  the  laying  of  mine  tracks  and  describes  a  method  of  extending 
rails  near  breast 
17104*— .Bull.  57—14 ^17 
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Kino,  A.  F.  Use  of  gasoline  motors  in  coal  mines.  Goal  and  Coke  Operator, 
June  6,  1912,  p.  355.  Discusses  the  advantages  and  disadvantages  of  gaso- 
line locomotives  for  use  In  coal  mines. 

Knowlton,  H.  S.  Developing  electrical  energy  from  the  Los  Angeles  Aqueduct 
Elec  World,  February  10,  1912,  p.  301.  Plans  for  establishing  a  large 
hydroelectric  system  in  connection  with  the  creation  of  a  new  water  supply. 
Electrical  energy  will  be  sold  as  a  by-product  of  a  $23,000,000  water  system. 
Maximum  delivery  90,000  kilowatts  into  city  of  Los  Angeles.  Extensive  use 
of  electricity  in  aqueduct  construction. 

LowENSTEiN,  L.  C.  Centrifugal  compressors.  Series  of  articles  in  the  General 
Electric  Review:  March,  1912,  pp.  136-143,  theoretical  discussion  of  the 
principle  of  the  centrifugal  compressor  and  the  factors  that  influence 
efficient  operation;  April,  1912,  pp.  185-195,  describes  the  application  of 
centrifugal  compressors  to  various  kinds  of  work ;  May,  1912,  pp.  317-324, 
discusses  the  rating  of  centrifugal  compressors  and  the  amount  of  power  re- 
quired for  their  operation. 

The  centrifugal  compressor  in  the  manufacture  of  gas.    Am.  Gas  Light 

Jour.,  March  25,  1912,  p.  204.  Describes  and  discusses  the  principles  of 
operation  of  turbocompressors.  Describes  an  automatic  governing  device 
in  detail  and  cites  a  number  of  examples  of  the  use  of  turbocompressor& 

Lytel,  J.  L.  The  Strawberry  Tunnel,  United  States  Reclamation  Service.  Eng. 
Record,  April  22,  1911,  p.  433.  Describes  methods,  equipment,  and  cost  of 
driving  the  tunnel. 

McDonald,  P.  B.  Drilling  with  double-screw  columns  Eng.  and  Mln.  Jour., 
vol.  91,  May  27,  1911,  p.  1049.  Discusses  the  advantages  of  the  vertical 
column  over  the  horizontal-bar  mounting  for  drills. 

McKay,  G.  R.  Lining  a  tunnel  in  swelling  rock.  Eng.  Record,  May  25,  1912, 
p.  565.  Describes  a  concrete  lining  reinforced  by  steel  rails,  placed  in  the 
Snake  Creek  TunneL 

Macintibe,  H.  Power  from  compressed  air.  Power,  vol.  34,  November  7,  1911, 
p.  698 ;  Am.  Machinist,  vol.  35,  November  30, 1911,  p.  1033 ;  Compressed  Air 
Mag.,  December,  1911,  p.  6259.  Discusses  air  transmission  In  pipe  lines  and 
developing  jpower  from  an  air  system. 

Mabbiott,  H.  F.  Mining  in  the  Transvaal  in  1910.  Eng.  and  Min.  Jour.,  vol.  91, 
January  7,  1911,  p.  80.  Contains  a  brief  discussion  of  the  stope  drill  com- 
petition. 

Matthews,  F.  E.  Air  cooling  and  moisture  precipitation.  Compressed  Air 
Mag.,  October,  1911,  p.  6201.  Discusses  the  effect  of  moisture  in  the  air  upon 
the  difficulty  of  cooling  it  Gives  a  table  showing  the  amount  of  moisture  in 
the  air  at  different  temperatures  and  degrees  of  saturation. 

Mebiam,  J.  B.  The  relative  economy  of  gas  engines  and  other  sources  of  power. 
Jour.  Cleveland  Eng.  Soc.,  December,  1911,  p.  121.  Discusses  the  advan- 
tages and  disadvantages  of  oil  and  gas  engines  in  plants  of  moderate  size 
and  gives  examples  of  recent  installations. 

Mine  and  Quabbt.  Long  column  arms  in  tunnels.  August,  1911,  p.  540.  De- 
scribes the  use  of  long  arms  on  columns  in  tunnels  of  circular  or  oval  cross 
section. 

Mining  and  Engineebing  Wobld.  Don'ts  governing  handling  of  explosives  in 
mines.  April  27,  1912,  p.  915.  Rules  of  the  Oliver  Mining  Co.  for  em- 
ployees: 25  "Don'ts.'* 

Methods  of  handling  running  and  swelling  ground.    December  9,  1911, 

p. .    Describes  customary  practice  of  timbering  tunnels. 
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Mines  and  Minebalb.  Bonus  Epstein  on  the  Los  Angeles  Aqueduct  June,  1912, 
p.  679.  Discusses  the  rules  of  operation,  the  method  of  computing  bonus, 
footage,  and  the  earnings  of  the  men. 

Exhaust  steam  turbines  at  mines.    January,  1912,  pp.  371-375.    Abstract 

of  a  paper  before  the  Australasian  Institute  of  Mining  Engineers,  June, 
1911.  Describes  use  of  turbine  engines  to  utilize  exhaust  steam  from 
rarlous  engines  of  a  mine  plant. 

Gasoline  locomotives  for  mine  use.    April  1, 1911,  p.  542.    Results  of  the 

use  of  a  gasoline  locomotive  at  the  Mldvalley  Coal  Go.'s  mines,  giving  a 
table  of  costs. 

Bock  dump  at  Cameron  mine,  Walsenburg,  Colo.    October,  1911,  p.  168. 

Describes  a  swinging  rock  dump. 

Testing  gasoline  mine  locomotives.    January,  1912,  p.  341.    Description 

of  testing  plant  for  gasoline  mine  locomotives. 

Mining  and  Scientific  Press.  Fort  Wayne  rock  drill.  April  5,  1911,  p,  548. 
Illustrated  description  of  a  rotary-hammer,  electrically  driven  rock  drill. 

Work  In  the  Snake  Creek  Tunnel.    January  13,  1912,  p.  108.    A  brief 

description  of  some  of  the  methods  used  In  the  work. 

Municipal  Joxtbnal.  A  tunnel  street  February  8,  1912,  p.  199.  Proposed  tun- 
nel In  upper  part  of  New  York  City  to  provide  access  to  subway — Concrete 
lining.  Provision  for  removing  seepage  water — White  cement  finish.  Elec- 
tric lighting — Unit  contract  prices. 

Pabbish,  K.  C.  Comparative  strength  of  several  styles  of  framed  timber  sets. 
Bng.  and  Mln.  Jour.,  vol.  91,  January  28,  1911,  p.  208. 

Percy,  P.  C.  Combination  power  and  Ice  plant.  Power,  March  26,.  1912,  p.  418. 
Describes  a  plant  using  wood-refuse  gas  producers  as  prime  movers  and 
gives  results  of  tests. 

Pebkins,  F.  C.  Gasoline  locomotives  for  underground  haulage.  Eng.  and  Mln. 
World,  June  15,  1912,  p.  1251.  Discusses  some  of  the  advantages  of  gaso- 
line locomotives  for  underground  haulage. 

Petboleum  Bbview.  Gas  power.     June,  1912,  p.  16.     Describes  some  of  the 
advantages  of  an  English  gasoline  locomotive, 
tages  of  an  English  gasoline  locomotive. 

Proceedings  of  the  Institute  of  Civil  Engineebs.  Tunnels  of  Switaserland, 
voL  184,  1911,  pp.  369,  870.  list  of  the  415  tunnels  in  Switzerland,  giving 
their  length  and  elevation. 

Rice,  C.  T.  The  use  of  long  and  short  handled  shovels.  Eng.  and  Mln.  Jour., 
vol.  93,  January  20, 1912,  p.  155.  Discusses  the  merits  of  each  type  of  shovel 
for  mucking  work. 

Rice,  G.  8.  Some  special  uses  of  concrete  in  mining.  Cement,  January,  1911, 
p.  432. 

Rice,  E.  H.  Commercial  application  of  the  turbocompressor.  Proc.  Am.  Soc. 
Mech.  Blng.,  1911,  pp.  303-314.  Describes  a  turbocompressor  for  blast- 
furnace work  and  its  automatic  governing  mechanism.  Gives  data  upon 
the  sizes,  capacity,  and  performance  of  the  compressor. 

RiCHABDs,  Frank.  Draining  compressed  air.  Compressed  Air  Mag.,  April,  1911, 
p.  5897.    Abstract  of  article  in  Eng.  Record,  February  18, 1911,  p.  203. 

Development  in  compressed-air  power  storage.     Compressed  Air  Mag., 

October,  1911,  p.  6199.  Describes  a  means  of  maintaining  constant  pressure 
in  a  receiver,  although  volume  of  air  Is  changing,  by  use  of  water  standpipe. 

The  disappointing  air  receiver.    Compressed  Air  Mag.,  October,  1911,  p. 

6211.  Some  of  the  things  an  air  receiver  is  popularly  supposed  to  do  but 
fUls  to  do. 
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Richards,  Frank.  Things  worth  while  in  compressed  air.  Compressed  Air 
Mag.,  June,  1911,  p.  0059.  Describes  economical  devices  in  use  at  the 
Rondout  and  Yonkers  compressor  plants,  including  aftercoolers,  drains, 
reheaters,  and  intake  filters. 

Rix,  E.  A.  Operation  of  air  compressora  Mln.  Sci.  Pres&,  January  6,  1912, 
p.  13.  Describes  some  of  the  main  causes  of  loss  in  air  compressors  and 
suggests  remedies  for  such  as  are  not  inherent  in  the  design. 

Russell,  W.  C.  Driving  a  long  adit  at  Bonanza,  Colo.  Eng.  and  Min.  Jour., 
vol.  96,  February  1, 1913,  p.  272.  An  adit  7  by  8  feet  in  the  clear  was  driven 
6,235  feet  for  drainage,  exploration,  and  working  at  a  cost  of  $19.87  per 
foot  Two  machines  on  crossbars  were  used.  The  adit  was  completed  in 
17  months  and  2  days. 

Saunders,  W.  L.  Compressed-air  explosions.  Eng.  and  Min.  Jour.,  vol.  91. 
April  8,  1911,  p.  713;  Compressed  Air  Mag.,  May,  1911,  p.  6028.  Discussion 
of  possible  causes  and  means  of  prevention. 

Shallow  versus  deep  holes  in  headings.    Compressed  Air  Mag.,  vol.  16. 

1911,  p.  5995.    A  discussion  of  the  factors  that  enter  into  the  determination 
of  the  depth  of  holes.    Compares  American  and  European  practice. 

Tunn^  driving  in  the  Alps.    Bull.  Am.  Inst.  Min.  Eng.,  July,  1911,  pp. 


507-538.     Describes  and  discusses  the  methods  and  equipmait  employed 
in  driving  the  Simplon  and  the  Loetschberg  Tunnels. 

SoiENTiFio  American.  An  English  wood-refuse  suction  gas  producer.  Supple- 
ment, January  6,  1912,  p.  3.  Describes  the  machine  and  discusses  its 
advantagea 

Fireless  locomotives.  Supplement,  December  16,  1911,  p.  388.  Dis- 
cusses lo<H)motives  using  superheated  water  in  place  of  a  coal  fire,  and  their 
possibilities  for  mining  work. 

Hydraulic  cartridge  for  mining.    April  20,  1912,  p.  364.     Describes  a 


cartridge  that  expands  by  hydraulic  pressure  and  is  useful  for  breaking 
rock  when  it  is  essential  that  no  shocks  be  imparted  to  the  surroundings. 

Semple,  C.  G.  Where  the  primer  should  go.  Eng.  and  Min.  Jour.,  vol.  03,  March 
2, 1912,  p.  441 ;  March  23, 1912,  p.  584  Gives  reasons  for  placing  the  i>rimer 
at  the  top  of  the  charge 

SiBLET,  Robert.  Power  computation  of  rotary  air  compressors.  Jour.  Elec. 
Power  and  Gas,  March  23,  1912,  p.  270.  An  elementary  discussion  of  the 
theoretical  computation  of  power  required  In  rotary  air  compression. 

Simmons,  Jesse.  Gasoline  mine  locomotive.  Eng.  and  Min.  Jour.,  vol.  92,  Sep- 
tember 30,  1911,  p.  652.  Description  of  mine  locomotive  for  use  in  Trojan 
mine  (Black  Hills,  S.  Dak.). 

Smfth,  Cecil  B.  Power  plants  for  the  mines  in  the  Cobalt  district  Min.  and 
Eng.  World,  March  2,  1912,  p.  503.  Description  of  water-power  plants  fur- 
nishing power  to  the  Cobalt  camp. 

Smith,  C.  D.,  Clement,  J.  K.,  and  Grins,  H.  A.  Incidental  problems  in  gas- 
producer  tests.  Bureau  of  Mines  BulL  31,  1911,  29  pp.  Considers  the  fac- 
tors aifecting  the  proper  length  of  gas-producer  tests  and  the  differences  in 
temperatures  at  different  points  in  the  fuel  bed. 

Snelling,  W.  O.,  and  Cope,  W.  C.  -The  rate  of  burning  of  fuse  as  influenced  by 
temperature  and  pressure.  Bureau  of  Mines  Technical  Paper  6, 1912,  28  pp. 
Discusses  the  composition  of  fuse  used  by  miners  and  the  effects  of  differ- 
ences of  pressure,  temperature,  etc.,  on  the  normal  rate  of  burning. 

Snelling,  "W.  O.,  and  Hall,  Clarence.  The  effect  of  stemming  on  the  efficiency 
of  explosives.  Bureau  of  Mines  Technical  Paper  17,  1912,  20  pp.  The  gain 
in  efficiency  b^  the  use  of  stemming  was  demonstrated  by  firing  small 
charges  of  explosives  in  bore  holes  in  lead  blocks.  The  pamphlet  is  of 
interest  to  all  persons  who  use  explosives  for  blasting  coal  or  rock. 
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Spabb,  Jacob.  Kock  dump  at  Ck>kedal^.  Mines  and  Minerals,  Angast,  1911,  p.  48. 
Illnstrates  and  describes  a  rock  dnmp  consisting  of  a  platform  32  feet  long, 
carrying  rails,  pivoted  at  one  end,  and  having  under  tbe  other  end  a  wheel 
that  travels  on  a  curved  rail  with  a  radius  of  22  feet 

Stone,  S.  R.  Increasing  the  efficiency  of  air  compressors.  Min.  and  Bng.  World, 
May  18, 1912,  p.  1039.  Discusses  the  means  of  preventing  losses  In  air  com- 
pression due  to  heat,  clearance,  and  rariflcation. 

Stlvksteb,  G.  E.  Gasoline-motor  haulage.  Mines  and  Minerals,  May,  1911,  p.  629. 
Describes  and  gives  results  of  the  use  of  a  gasoline  locomotive  in  the  mines 
of  the  Roane  Iron  Co.,  at  Rockwood,  Tenn. 

Van  Brussex,  J.  B.  The  Otto  internal-combustion  locomotive.  Eng.  and  Min. 
Jour.,  March  30, 1912,  p.  657.    Description  of  a  German  gasoline  locomotive. 

ViLLETABD,  H.  Application  of  compressed  air  in  tunnels  (Applications  de  I'air 
comprime  a  la  perforation  des  grands  souterrains).    Tech.  Mod.,  November, 

1911.  With  particular  reference  to  large  European  railway  tunnels. 

Vow  ScHOir,  H.    The  most  resourceful  utilization  of  water  power.    Eng.  Mag., 

April,  1911.  p.  69. 
Walton,  P.  R.  Great  augers  to  bore  holes  in  mountains.    Tech.  World,  February, 

1912,  p.  709.    Popular  description  of  one  type  of  tunneling  machine. 

Weil,  J.  A-  Producer  gaa  Mech.  Eng.,  December  15,  1911,  pp.  755-757.  Dis- 
cusses the  proper  design  of  plant 

Weston,  E.  M.  Ejecting  sludge  from  drill  hole&  Eng.  and  Min.  Jour.,  vol.  91, 
April  22, 1911,  p.  799.  Describes  a  method  of  cleaning  holes  by  utilizing  the 
plunger  action  of  piston  drills  to  force  the  sludge  back  through  a  hollow 
drill  steel  and  out  through  a  vent  in  the  side  of  the  steel  near  the  chuck. 

WiQHTMAN,  L.  I.  The  compressed-air  plant  for  use  at  mines.  Min.  and  Eng. 
World,  April  6,  1912,  p.  757.  Discusses  the  advantages  and  disadvantages 
of  different  types  of  air  compressors,  together  with  the  difficulties  encoun- 
tered with  pipe  linea 

WiLOTJS,  W.  J.  The  Detroit  River  tunnel.  Proc.  Inst  Civ.  Eng.,  voL  185,  1911, 
p.  2.  CJomprehenslve  description  of  the  Detroit  River  tunnel,  followed  by  a 
discussion  of  the  paper  by  the  members  present 

WiTz,  A.  The  use  of  gas  engines  in  central  stations  (L'Emplol  desmoteurs  a  gaz 
dans  les  stations  centrales  d'electricite).  Le  G^nie  CSivil,  November  11, 
1911.  Discussion  of  the  feasibility  of  the  use  of  gas,  and  results  of  some 
of  the  tests  made. 

Yerbubt,  H.  E.  Electricity  as  applied  to  modem  tunnel  work.  Proc.  Inst  Civ. 
Eng.,  vol.  183,  1911,  pp.  296-303.  Discusses  the  application  of  electricity  to 
tunneling  work,  giving  description  of  power  station,  tunnel  equipment,  tun- 
nel driving,  etc. 

Young,  G.  J.  Driving  in  loose  ground.  Eng.  and  Min.  Jour.,  vol.  91,  January  21, 
1911,  p.  161.    Describes  methods  used  on  the  Comstock  lode. 

Zaunski,  E.  R.  Driving  the  Strawberry  Tunnel.  Eng.  and  Min.  Jour.,  June  10, 
1911,  p.  1153.  A  description  of  the  equipment  and  routine  adopted  by  the 
United  States  Reclamation  Service  in  driving  a  4-mile  concrete-lined  tunnel 
for  irrigation  water  for  Utah  Valley. 

Zjpseb,  M.  E.  Tunnel  lining,  Catskill  Aqueduct  Eng.  News,  May  2, 1912,  p.  820. 
A  detailed  description  of  the  methods  of  lining  with  concrete  the  tunnels  on 
the  Catskill  Aqueduct  of  both  the  grade  and  the  pressure  or  siphon  types. 
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MINING. 

A  limited  supply  of  the  following  Bureau  of  !Mlnes  publications 
is  available  for  free  distribution  and  may  be  obtained  by  applying  to 
the  Director,  Bureau  of  Mines,  Washington,  D.  C. : 

Bulletin  10.  The  use  of  permissible  explosives,  by  J.  J.  Rutledge  and  Clar- 
ence Hall.    1912.    34  pp.,  5  pis.,  4  figs. 

Bulletin  15.  Investigations  of  explosives  used  In  coal  mines,  by  Clarence 
Hall,  W.  O.  Snelling,  and  S.  P.  Howell,  with  a  chapter  on  the  natural  gas  used 
at  Pittsburgh,  by  G.  A.  Burrell,  and  an  Introduction  by  C.  B.  Munroe.  191L 
197  pp.,  7  pis.,  5  flga 

Bulletin  17.  A  primer  on  explosives  for  coal  miners,  by  C.  E.  Munroe  and 
Clarence  Hall.  61  pp.,  10  pis.,  12  figs.  Reprint  of  United  States  Geological 
Survey  Bulletin  423. 

Bulletin  20.  The  explosibillty  of  coal  dust,  by  Q.  S.  Rice,  with  chapters  by 
J.  C.  W.  Frazer,  Axel  Larsen,  Frank  Haas,  and  Carl  Scholz.  204  pp.,  14  pis., 
28  figs.    Reprint  of  United  States  Geological  Survey  Bulletin  425. 

Bulletin  42.  The  sampling  and  examination  of  mine  gases,  by  G.  A.  Burrell 
and  F.  M.  Seibert    1913.    116  pp.,  2  pis.,  23  figs. 

Bulletin  45.  Sand  available  for  filling  mine  workings  In  the  Northern  Anthra- 
cite Coal  Basin  of  Pennsylvania,  by  N.  H.  Darton.    1913.    33  pp..  8  pis.,  5  figs. 

Bulletin  46.  An  investigation  of  explosion-proof  mine  motors,  by  H.  H. 
Clark.    1912.    44  pp.,  6  pis.,  14  figs. 

Bulletin  48.  The  selection  of  explosives  used  in  engineering  and  mining  opera- 
tions, by  Clarence  HaU  and  S.  P.  Howell.    1913.    50  pp.,  3  pis.,  7  figs. 

Bulletin  60.  A  laboratory  study  of  the  Infiammability  of  coal  dust,  by  J.  C. 
W.  Frazer,  E.  J.  Hoffman,  and  L.  A.  SchoU,  Jr.    1913.    60  pp.,  95  flga 

Bulletin  51.  The  analysis  of  black  powder  and  dynamite,  by  W.  O.  Snelling 
and  C.  G.  Storm.    1913.    80  pp.,  6  pis.,  5  figs. 

Bulletin  52.  Ignition  of  mine  gases  by  the  filaments  of  Incandescent  electric 
lamps,  by  H.  H.  Clark  and  L.  C.  Ilsley.    1913.    31  pp.,  6  pis.,  2  figa 

Bulletin  53.  Mining  and  treatment  of  feldspar  and  kaolin  In  the  southern 
Appalachian  region,  by  A.  S.  Watta    1913.    170  pp.,  16  pis.,  12  figs. 

Bulletin  56.  First  series  of  coal-dust  explosion  tests  In  the  experimental 
mine,  by  G.  S.  Rice,  L.  M.  Jones,  J.  K.  Clement,  and  W.  L.  Egy.  1913.  115  pp., 
12  pla,  28  figs. 

Bulletin  59.  Investigations  of  detonators  and  electric  detonators,  by  Clarence 
Hall  and  S.  P.  Howell.    1913.    73  pp.,  7  pla,  5  figs. 

Bulletin  60.  Hydraulic  mine  filling;  its  use  in  the  PenniQrlvanla  anthracite 
fields;  a  preliminary  report,  by  Charles  Enzian.    1913.    77  pp.,  3  pis.,  12  figa 

Bulletin  65.  Oil  and  gas  wells  through  workable  coal  beds;  papers  and  dis- 
cussions, by  G.  S.  Rice,  O.  P.  Hood,  and  othera    1913.    101  pp.,  1  pU  11  flga 

Bulletin  68.  Electric  switches  for  use  in  gaseous  mines,  by  H.  H.  Clark  and 
R.  W.  Crocker.    1913.    40  pp.,  6  pla 

BuuxriN  69.  Coal-mine  accidents  in  the  United  States  and  in  foreign  coim- 
tries,  compiled  by  F.  W.  Horton.    1913.    102  pp.,  3  pis.,  40  figs. 
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Tbcknical  PAPfs  6.  The  rate  of  burning  of  fuse  as  influenced  by  temperature 
and  presaoie,  by  W.  O.  Snelling  and  W.  C.  Ck>pe.    1912.    28  pp. 

Technicai.  Papeb  7.  Inyestigations  of  fuse  and  minera'  squibs,  by  Clarence 
HaU  and  S.  P.  HowelL    1912.    19  pp. 

Technicai*  Papkr  11.  Tlie  use  of  mice  and  birds  for  detecting  carbon  monoxide 
after  mine  fires  and  explosions,  by  6.  A.  Burrell.    1912.    15  pp. 

Technical  Pafeb  13.  Gas  analysis  as  an  aid  in  fighting  mine  fires,  by  G.  A. 
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Accidents,  electrical,  caaaes  of 83 

preyentlon  of 84, 40, 42 

haulage,  causes  of 32 

prevention  of 38,  40,42,  44 

Acddents  from  explosiyes,  causes  of.  20 

preTentlon  of 20-30 

from  roof  falls,  causes  of 18-20 

prevention  of 18-20,41 

Acddents  In  tonnellng,  frequency  of.  17 

Acetylene,  advantages  of 128 

cost  of 128 

use  of,  in  tunneling 126 

Adit,  definition  of 8 

Aftereooler,     for     air     compressors, 

purpose  of 77 

Agricola,  on  mining 219 

Air,  compressed,  losses  of 05 

consumed  by  drills 66 

cooling  of 73, 77 

danger  from  high  tempera- 
ture in 73 

for  ventilation,  quantity  needed.  77 

pressure  of 85,86 

Bee  also  Compressed  air. 
Air  compressors,  aftereooler  for,  pur- 
pose of 77 

air  receivers  for,  purpose  of 77 

capacity  of,  loss  of,  causes  of —  66 

rating  of 65 

capacity  of  and  power  required 

by 64 

cause  of  explosions  In 73 

duplex,  features  of — ^ 67 

efltdency  of 78 

heat  losses  in 73 

Intercooler  for 76 

power  requirements  of 78 

precoolers  for,  need  of 76 

production  of  harmful  gases  in.  29 

proper  size  of,  determination  of.  65 

regulation  of,  methods  used  for.  70 

relative  merits  of  types  of 70 

selection   of,   factors   determin- 
ing    63 

straight  line,  features  of 67 

turbine  type,  power  required  by.  66 

types  of 63.67 

unloaders  for 71 

Air  consumed  by  man  at  work 83 

Air  drills,  advantages  of 103 

bar  mounting  for 136 

column  mounting  for 135 
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Air  drills,  features  of 93 

hammer  type,  merits  of 113 

piston  type,  figure  showing 94 

types  of 93 

valves  for 04, 109, 110 

figure  showing 95,96 

valveless,  features  of 97 

figure  showing 97 

Air  meters,  types  of 91 

Air  pipe-lines,  drains  for,  need  of 78 

leakage  in,  methods  of  determin- 
ing    66 

precautions  In  construction  of..  66 

Air  receivers,  purpose  of 77 

Air   transmission,    size   of   pipe   re- 
quired for 86 

Ammonia  dynamite.     See  Dynamite. 

Animals,  accidents  from,  causes  of-  33 

amount  of  air  required  by 83 

Arch  sets,  arrangement  of  timber  in-  182 

Arlberg  Tunnel,  Austria,  mention  of-  230 
Arthur's  Pass  Tunnel,  New  Zealand, 

mention    of 234 

Aspen   Tunnel,   Colo.,   mention  of —  284 

Assassin  Tunnel,   France,  cost  of..  224 

Auburn  Tunnel,  Pa.,  mention  of —  221 

Austria,  early  railway  tunnels  in..  222 

Aztecs,  tunneling  by 217 

B. 

Bar  mounting  for  drills 136 

Bethell  process  of  preserving  timber.      179 

Bibliography 236-259 

Black  Rock  Tunnel,  Pa.,  mention  of-       222 

Blast  holes,  arrangement  of 140 

chambering  of 146 

charging  of 23,  24.  166.  160 

depth  of 146,  147,  148,  160 

method  of  firing 88 

number  of 139 

placing  of 139,  144 

position  of  primer  In 160 

Blasting  cap.     See  Detonator. 

powder,  black,  gaseous  products 

of 163 

Blasts,  eflTectlveness  of,  factors  af- 
fecting         148 

BUsworth  Tunnel,  England,  mention 

of 221 

Blower,   pressure,   figure   showing..        80 
relative  merits  of 80,88 
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BonUcou     Tunnel,     Cataklll     Aque-  Page. 

duct,  features  of 13 

Botton  cut,  arrangement  of  holee  In_  145 

description  of 143 

figure   showing 143 

Buffalo  Water  Tunnel  (N.  Y.),  blast 
holes   in,   arrangement 

of 140 

depth  of 150 

cars  used  in 118 

features    of 16 

quantity  of  explosive  used  in.-  157 

system    of    lighting 12 

wedge  cut  at,  figure  showing..  141 

Buildings,  surface,  fire  in,  danger  of.  35 

Bureau  of  Mines,  work  of 7 

Burleigh  drills,  use  of.  In  tunnels..  229 

In  Hoosac  Tunnel 229 

Burleigh  Tunnel  (Colo.) 10 

features  of  blast  holes  In  head- 
ing of 140 

"  Burnettizing  "  timber,  method  of.  178 
Busk-Iyanhoe  Tunnel,  Colo.,  details 

of    233 


C. 


Canal  tunnels,   American 222 

English 221 

French 220 

Candles,  dangers  in  use  of 36,127 

Cap,    blasting.     See   Detonator. 

Carbon  dioxide,  flows  of,  in  Los  An- 
geles Aqueduct 20 

In  rocks,  dangers  from  encoun- 
tering       29 

properties  of 27 

Carbon  monoxide,  characteristics  of.  27,  152 

formation  from  explosives 28 

formation  in  air  compressor 28 

poisoning,  symptoms  of 28 

Cars,  derailments  of,  delays  from 19 

desirable  features  of 114, 174 

handling  of,  delays  in 173 

method   of 173, 174 

Carter  Tunnel  (Colo.)t  air  pressures 

used  at 74 

blast  holes  used  In  heading  of 140 

depth  of 150 

bottom  cut  in,  figure  showing 143 

cars  used  at,  features  of 118 

consumption  of  air  by  drills  in.         66 

cost  of  drill  repairs  at 108 

direction  of  air  current  in 82 

drilling  speed  at 106 


features  of. 

grade  of  dynamite  used  at 

power  plant  at,  water  supply 
for 

pressure  required  for  yentllatlon 
current  at 

system  of  lighting  in 

CatskUl  Aqueduct  Tunnels  (N.  Y.). 
cars  used  at,  features 
of. 


10 
155 


55 


87 
126 


118 


depth  of  blast  boles  in 140, 150  | 


CatsklU  Aqueduct  tunnels    (N.   Y.), 

features  of 13 

grade  of  dynamite  used  in 155 

placing   of 141 

quantity  of  explosive  used  in 157 

siphons  of,  linings  of 190 

speed  of  drilling  in 112 

system  of  lighting  in 126 

Caved  ground,  timbering  for 184 

Caves,  water-filled,  danger  from 36 

drainage  of 37 

Central  power  stations,  economy  of-  54 
Central  Tunnel  (Colo.),  air  pressures 

used  at 74 

cars  used  at,  features  of 118 

depth  of  blast  holes  in 140,  150 

direction  of  air  current  in 82 

drilling  speed  at 106 

features  of lo 

grade  of  dynamite  used  In 155 

pressure  required  for  ventilation 

current  at 87 

system  of  lighting  In 126 

Chambering  of  blast  holes,  comment 

on 145 

Chlpeta  Adit  (Colo.),  blast  holes  in 

faces  of 140 

car  used  at,  features  of 118 

features  of 16 

Column  mounting  of  drills,  merits  of.  135 

Compressed  air,  meters  for,  value  of 91 

removal  of  moisture  from 76 

thermal  losses  in 73 

transmission  of,  cost  of 66,  58 

use  of,  for  ventilation 29,  80,  104 

working  presure  of 74 

See  also  Air,  compressed. 

Compressed  air  locomotives,  use  of 120 

Compressors.     See  Air  compressors. 

Conemaugh  Tunnel,  Pa.,  mention  of.  221 
Cornelius  Gap  Tunnel    (Oreg.),   car 

used  at us 

features  of 16 

Cost  of  railway  tunnels 229 

Cost   of  tunneling 192-214 

See  also  various  tunnels  named. 

Co wenhoven  Tunnel  ( Colo. ) ,  caves  in.  37 

timbering  in,  method  of 185 

Creosote,  use  of,  for  preserving  tim- 
ber    178 

Crimping  tool  for  explosives,  use  of.  25 


D. 


Deep  (George  Tunnel,  (jrermany,  men- 
tion of 222 

Delia  S.  Mine  (Colo.),  cave  in,  fiow 

of  water  from 37 

Depreciation,  charges  for 62 

Detonator,  definition  of 159 

electric,  figure  showing 158 

grades  of  rating  of 159 

Ignition  of 159 

position  of,  in  primer.........  26 
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Detonator,  proper  nte  of 25 

•trengUi  of 26 

weight  of  ezploeiTe  In 159 

Dleeel  engine,  adTantages  of 62 

characteristics  of 61 

Drift,  definition  of 8 

DriU.    See  Air  driU,  Bock  drill. 
DriU  holes.    See  Blast  holes. 
DriU-sharpening    machines,    adyan- 

tages  of 90 

capacity  of 90 

types  of 89 

Drilling,   single-shift  system  of 132 

three-shift  system  of 138 

two-shift  system  of 133 

Drilling  machines.     See  Air  drills. 

Bock  drills. 
Drills,  racks  for,  advantages  in  nslng  130 
Drinker,  H.  8.,  on  early  railway  tun- 
nels   222 

Drlrers,  precautions  to  he  taken  by.  32 
Dmnkenoess.    See  Intoxication. 

Dump,  cradle,  figure  showing 124 

Damp  for  cars*  types  of 123 

Dynamite,  ammonia,  gaseous   prod- 
ucts of 163 

rating  of  strength  of 154 

boming  of,  noxious  gases  fk-om-  28 

preyention  of 27 

charging  of 21.28 

gases  from 162, 160 

gelatin,  adyantages  of 153 

composition  of 151 

gaseous  products  of 28, 163 

rating  of  strength  of 154 

strength  of  detonators  for.  26 

handling  of,  precautions  in 20 

misfires  of 24 

premature  explosion  of 23 

proper    strength   of   detonators 

for 26 

storing   of 166 

precaution  In 20 

thawing  of,  need  of 163 

precautions  in 20 

use  of,  care  in 43 


E. 


Egyptians,  stone-cutting  tools  of —  215 

tunnels  driyen  by 215 

Electricity,    accidents   from,    causes 

of 33 

I»eyentlon  of 40,42,44 

cost  of 61 

transmission   of,    best   yoltages 

for 67 

cost  of 56.57 

method  of 57 

Blectric  detonator,  figure  showing..  158 

methods  of  firing  with 164 

drill,  dnrabUity  of 112 

types  of 111 

lanps,  advantages  of 127 
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Electric  locomotlyes,  shocks  from,  pre- 
cautions against 34 

use  of 120 

motors,  types  of 63 

power,  advantages  of 53 

yoltage,    best   for   transmission 

line,  determination  of.  67 
EIlsalMth  Lake  Tunnel,  Los  Angeles 
Aqueduct,  consumption 

of  air  by  drills  in 66 

cost  of  driving 201 

features   of 15 

quantity  of  explosive  used 

in 156 

timbering  In 187 

figure  showing 188 

Ellzabethtown  Tunnel,  Pa.,  mention 

of 222 

England,  early  railway  tunnels  in..  222 

Equipment,  surface,  arrangement  of.  46 
Ernest  Augustus  Tunnel,  Qermany, 

mention  of 223 

Exits,  separate,  need  of 35 

Explosives,  accidents  from  use  of._  20 

precautions  against 39,43 

charge  of,  determination  of 155 

choice  of  detonators  for 160 

chronology  of 224 

excessive    charges    of,    dangers 

from 18 

firing  of,  precautions  in 22 

gaseous  products  from 27, 153 

handling  of,  precautions  in.  20,  22, 41, 

167-170 

high,  burning  of,  cause  of 26 

prevention  of 27 

proper  strength  of  detona- 
tors for 26 

methods  of  loading 160 

misfires  of,  causes  of 24 

premature  explosions  of 22 

rating  of  strength  of 164 

risks  in  loading 23 

selection   of,    factors   determin- 
ing  151.154 

sensitiveness  of 22 

slitting  of  cartridges  of 163 

storing  of,  precautions  in 20, 166. 

167-170 

thawing  of,  methods  of 167 

necessity    for 163 

precautions  in 21 

use  of,  precautions  in-_  41,  43, 167-170 
use  of  two  grades  of.  at  head- 
ings   155 

work  of.  factors  alfecting 148 

F. 

Palls  of  rock,  deaths  from 17 

Falls  of  roof,  causes  of 18 

False  set     See  Timbering. 

Fans,  ventilating,  use  of 80,  88 

Fatalities  In  tunneling,  rate  of 17 

Femald,  B.  H.,  on  cost  of  producer 

gas  plant8«.........«  66 
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Face. 
Ferronz  drills,  resulti  with,  at  Arl- 

berg  Tunnel 230 

Fires  in  tunnels,  causes  of 35 

danger  from 35,  40,  45 

avoidance  of 40,45 

Firing  blasts,  methods  of 164 

Foreman,  suggestions  for 40 

Forepollng,  definition   of 184 

Fort  William  Tunnel  (Ontario),  blast 

holes  in  faces  of 140 

depth    of 150 

cars  used  at,  features  of 118 

driUing  speed  at 106 

features    of 16 

system  of  lighting 126 

France,  early  railway  tunnels  In 221 

Free   Sllyer  mine  tunnel,  rushes  of 

water  in 38 

Freiberg  district,  Germany,  early  use 

of  powder  in 220 

Fuse,     miner's,     danger     of     lacin? 

through  cartridge 163 

gases  from  burning  of 166 

handling  of,  precautions  in 23, 24 

method  of  lighting 164 

rate  of  burning  of 157 

cause  of  variation  in—  23.  25, 158 

selection  of,  importance  of 24 

storage  of,  precautions  in 25 

use  of,  precautions  in 24, 157 

Fuse  igniter,  description  of 104 


O. 


Gas,  from  explosives,  danger  of 27 

harmful,  precautions  against 42 

inflammable,  at  heading,  method 

of  burning 29 

method  of  removing 29 

See  oteo  Carbon  dioxide.  Car- 
bon monoxide. 

Gas  producer,  as  source  of  power 46 

publications  on 51 

Gasoline  engine,  advantages  of 46,50 

Gasoline  locomotives,  advantages  of.  122 

cost  of  haulage  by 122 

use  of 50,  121 

Gelatin  dynamite.    See  Dynamite. 
Germany,  early  railway  tunnels  in —  222 
Gold   Links  Tunnel  (Colo.),  air  pres- 
sures used  at 74 

Mast  holes  in,  arrangement  of.  140 

depth  of 150 

cars  used  at,  features  of 118 

direction  of  air  current  in 82 

drilling  speed  at 106 

features  of 10 

grade  of  dynamite  used  in 155 

system  of  lighting 126 

Grand  Central  sewer  (N.  Y.),  blast 

holes  used  in  faces  of.  140 

cars  used  in 118 

features  of 16 

Greeks,  tunnels  driven  by 216 


Gunnison  Tunnel  (Colo.),  air  pres- 
sures used  at 74 

blast  holes  in  fkces  of 140 

cars  used  at,  features  of 118 

figure  showing.. 115 

cost  of  drill  repairs  at 108 

cost  of  driving 194 

depth  of . 150 

direction  of  air  currents  in 82 

features  of 10 

grade  of  dynamite  used  in 155 

quantity  of  dynamite  per  round 

in 156 

system  of  lighting 126 

Gunpowder,  early  use  in  tunneling 219 

"  Guns,'*  in  blasting,  definition  of..  24 

H. 

nacklebemle  tunnel    (Pa.),  mention 

of 224 

narecastle  tunnel,  Ilngland,  mention 

of 221 

Ilarz  mines,  Germany,  early  use  of 

powder  in 220 

Tlnulage,  cars  for 114 

use  of  animals  for 120 

use    of   compressed-air   locomo- 
tives for 119 

use  of  electric  motors  for 120 

riaulage  accidents,  causes  of 32 

precautions  against 40,42,44 

llay,  storage  of,  in  tunnel,  danger 

of 36 

Heading,  advantages  of  three  shifts 

at 133 

timbering  for v'—       186 

rieaters  for  magazines 168 

Herrick,  R.  L.,  on  Los  Angeles  Aque- 
duct        187 

nicks,   G.   8.,   Jr.,   air   transmission 

formula  of 85 

Hindus,  caves  excavated  by 215 

Hole.     See  Blast  hole. 

Hoosac  tunnel  (Mass.),  details  of..       229 

tunneling  machines  tried  at 125 

use  of  all*  drills  at 229 

Hose,  supports  for,  advantages  of —       130 
Hummingbird  tunnel  (Idaho),  muck- 
ing machine  at,  figure 

showing 118 

Hydraulic  compressor  as  source  of 

power 47 

Hydraulic  compressor,  Taylor,  de- 
tails of 48 

Hydrocarbon  gas,  from  rocks,  burn- 
ing of 29 

in  tunnels,  dangers  from 29 

explosibility  of 29 

I. 

niumination  of  tunnels.  Bee  Light- 
ing. 

Insulation  of  electric  conductors, 
need  of  close  inspec- 
tion of 54 
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Intercooler,  conBtractlon  of 75 

figure   showing 75 

need  of 75 

Interest  on  capital  invested,  charge 

for 62 

Internal  -  combustion      engines,      as 

sonrces  of  power 50 

efficiency  of  small  sizes  of 60 

Intoxication  as  cause  of  accidents 38 


Jet  blowers.     Bee  Blowers. 

Joker  Tunnel  (Colo.)»  blast  holes  in, 

arrangement  of 140 

depth  of 50 

drilling  speed  at 106 

features   of 16 
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FUEL-BMQUEniNG  INVESTIGATIONS,  JULY,  1904,  TO 

JULY,  1912. 


By  C.  L.  Wright. 


INTRODUCTION. 

In  1904  the  Government  began  a  series  of  fuel-testing  inyestiga- 
tions  at  its  fuel-testing  plant  at  St.  Louis,  Mo.  These  investigations, 
which  were  placed  under  the  supervision  of  the  United  States  Geo- 
logical Survey,  included  chemical  analyses,  steaming  tests,  gas- 
producer  tests,  briquetting  tests,  coking  tests,  and  washing  tests  of 
samples  collected  from  the  various  coal  fields  of  the  country.  The 
specific  purpose  of  the  investigations  was  to  analyze  and  test  the  coals 
and  lignites  in  the  United  States,  in  order  to  detemime  their  fuel 
values  and  the  most  efi&cient  methods  of  utilizing  them  for  di£Perent 
purposes. 

Part  of  the  fuel-testing  plant,  including  the  briquetting  equipment, 
was  moved  to  Norfolk,  Va.,  in  1907,  and  the  fuel-testing  investiga- 
tions were  made  one  of  the  divisions  of  the  technologic  branch  of  the 
Geological  Survey.  In  1908,  after  the  close  of  the  Jamestown 
Exposition,  most  of  the  fuel-testing  equipment  was  removed  to  its 
present  location  at  the  Pittsburgh  experiment  station.  Fortieth  and 
Butler  Streets,  Pittsburgh,  Pa.  In  1910,  an  act  of  Congress,  effective 
July  1,  established  the  Bureau  of  Mines  in  the  Department  of  the 
Interior  and  authorized  the  transfer  to  this  bureau  of  the  fuel-testing 
investigations  that  had  been  carried  on  by  the  technologic  branch. 

Bulletins  presenting  the  results  of  various  inquiries  and  investiga- 
tions relating  to  briquetting  have  been  published  by  the  Geological 
Survey  and  the  Bureau  of  Mines.**  As  the  supply  of  some  of  these 
bulletins  is  exhausted,  the  Bureau  of  Mines  has  decided,  instead  of 
reprinting  them,  to  publish  the  more  important  facts  they  contain 

•  Parker,  E.  W.,  Holmes,  J.  A.,  and  Campbell,  M.  R.,  committee  in  charge,  Preliminary  report  of  the 
operations  of  the  ooal-tesUng  plant  at  the  Louisiana  Purchase  ExjxMition,  St.  Louis,  1904:  U.  S.  Oeol. 
Survey  Bnll.  261,  1905,  172  pp.;  Holmes,  J.  A.,  Preliminary  report  on  the  operations  of  the  ftael-testlng 
plant  of  the  United  States  Geological  Survey  at  St.  Louis,  Mo.,  1906:  U.  S.  GeoL  Survey  Bull.  290, 190S, 
240pp.;  Parker,  £.  W.,  Holmes,  J.  A.,  and  Campbell,  M.  R.,  committee  in  charge,  Report  on  the  operations 
of  the  coal-testing  plant  of  the  United  States  Geological  Survey  at  the  Louisiana  Purchase  Exposition, 
St.  Louis,  Ho.,  1904:  U.  S.Geol.  Survey  Prof.  Paper  48, 1906  (in  three  parts),  1492  pp.,  13  pis.;  Holmes,  J.  A. , 
Report  of  the  United  States  fuel-testing  plant  at  St.  Louis,  Mo.,  January  1,  1906,  to  June  30,  1907:  U.  8. 
OeoL  Survey  BulL  332, 1906, 299  pp.;  Mills,  J.  E.,  Binder  for  coal  briquets  (investigations  made  at  the  fuel- 
testing  idant,  St.  Louis,  Mo.):  U.  8.  Cteol.  Survey  Bull.  343,  1908,  56  pp.  (reprinted  as  Bull.  24,  Bureau  of 
Mines);  Wright,  C.  L.,  Briquetting  tests  at  the  United  States  fuel-testing  plant,  Norfolk,  Va.,  1907-8: 
U.  8.  Geol.  Survey  Bull.  385, 1909, 41  pp.,  0  pis.  (reprinted  as  Bull.  30,  Bureau  of  Mines);  and  Wri^t,  C.  L., 
Briquetting  tests  of  lignite  at  Pittsburgh,  Pa.,  1908-9,  with  a  chapter  on  sulphite>pitch  binder:  BolL 
14,  Bureau  of  Mines,  1911, 64  pp.,  11  pis.,  4  figs 
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and  the  results  of  all  other  briquetting  investigations  undertaken 
by  the  Government  from  July  1, 1904,  to  July  1, 1912,  in  one  volume. 
Material  from  other  bulletins  containing  reports  of  steaming  tests  of 
briquets  is  included,  due  credit  in  each  case  being  given. 

GENERAIi  EQUIPMENT  OF  GOVERNMENT  FTJEIj- TESTING 

STATIONS. 

The  equipment  for  carrying  on  briquetting  tests  at  the  St.  Louis 
fuel-testing  plant  consisted  of  three  briquetting  plants — one  exhibited 
by  William  Johnson  &  Sons,  of  Leeds,  England;  one  by  the  American 
Compressed  Fuel  Co.,  of  Chicago,  HI.;  and  one  by  the  Renfrow 
Briquet  Machine  Co.,  of  St.  Louis,  Mo.  These  presses  or  plants  are 
referred  to  in  the  text  as  the  ^'English  machine,"  the  ''American 
machine,''  and  the  ''Renfrow  No.  1  machine."  A  building  was 
provided  for  the  English  plant  and  another  for  the  American  plant. 
Steam  and  electric  power  were  furnished  by  the  powex  plant  of  the 
station.  A  direct-heat  cylindrical  drier  contributed  by  the  C.  O. 
Bartlett  &  Snow  Co.,  of  Cleveland,  Ohio,  was  used  for  drying  the 
washed  coals  and  lignites  when  the  moisture  content  was  too  high  to 
permit  successful  briquetting.  A  Williams  crusher  contributed  by 
the  Williams  Patent  Crusher  &  Pulverizing  Co.,  of  St.  Louis,  Mo., 
and  a  Stedman  pin  disintegrator  made  by  the  Stedman  Foundry  & 
Machine  Works,  of  Aurora,  Ind.,  were  used  for  reducing  the  fuel 
and  binders  to  sizes  suitable  for  briquetting. 

The  equipment  used  for  briquetting  experiments  at  the  Norfolk 
plant  consisted  of  the  English  plant  used  at  St.  Louis,  a  new  Renfrow 
machine  designated  in  this  report  as  the  "Renfrow  No.  2,"  and  a 
Schlickeysen  "auger"  machine  for  manufacturing  "machined  peat." 

At  the  Pittsburgh  plant  the  English  machine  was  placed  on  a 
foundation,  but  auxiliary  equipment  for  it  has  not  yet  been  installed, 
and  most  of  the  briquetting  experiments  at  this  station  have  been 
made  with  the  German  lignite-briquetting  plant,  complete  with  press, 
drier,  and  cooler.  A  small  hydraulic  caking  press  made  by  the 
Watson-Stillman  Co.  of  New  York,  and  operated  by  hand,  was  also 
installed  at  this  station  and  used  for  making  preliminary  briquetting 
tests  of  fuels  and  comparative  tests  of  binders. 

PERSONNEL  OF  BRIQUETTING  STAFF. 

The  various  fuel  investigations  at  St.  Louis  in  1904  were  under 
the  general  supervision  of  E.  W.  Parker,  statistician  of  the  Geological 
Survey;  J.  A.  Holmes,  then  State  geologist  of  North  Carolina;  and 
M.  R.  Campbell,  geologist  of  the  Geological  Survey.  This  conmMttee, 
with  the  addition  of  C.  W.  Hayes,  then  chief  geologist  of  the  Geologi- 
cal Survey,  also  had  charge  of  the  work  in  1905.  Since  early  in 
1906  the  work  has  been  under  the  general  direction  of  J.  A.  Holmes, 
now  director  of  the  Bureau  of  Mines.  (Znno]p 
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The  briquetting  tests  at  St.  Louis  were  originally  directed  by 
J.  H.  Pratt,  of  the  University  of  North  Carolina;  assisted  by  A.  A. 
Steel.  Later  the  tests  were  placed  in  charge  of  C.  T.  Malcolmson, 
who  was  assisted  by  J.  E.  Mills,  W.  J.  Chapman,  Robert  Strasser, 
G.  E.  Ryder,  Ralph  Gait,  and  C.  L.  Wright.  The  tests  at  Pitts- 
burgh were  directed  by  C.  L.  Wright,  assisted  by  H.  L.  Gardener 
and  Otto  Lehman.  Acknowledgement  is  gratefully  made  of  valuable 
advice  and  suggestions  from  H.  M.  Wilson,  A.  W.  Belden,  O.  P. 
Hood,  and  J.  C.  Roberts.  ' 

The  chemical  analyses  were  made  at  the  laboratory  of  the  fuel- 
testing  division  under  the  direction  of  F.  M.  Stanton  and,  later, 
A.  C.  Fieldner. 

COMMERCIAIi  ASPECTS    OF   BRIQUETTING   IN  THE 
UNITED  STATES. 

There  are  some  American  engineers  who  doubt  whether  fuel  briquet- 
ting  can  be  successful  in  the  United  States  for  many  years  to  come. 
This  skepticism  probably  is  caused  by  the  numerous  unsuccessful 
attempts  to  briquet  fuels  on  a  conmiercial  scale. 

CAUSES  OF  FAILTntB  OF  BBIQTTBTTINO  PI«ANTS. 

The  failures  mentioned  were  in  a  large  measure  due  to  the  following 
causes: 

1 .  Many  of  the ' '  plants  "  represented  promoters'  schemes,  no  attempt 
being  made  to  build  the  plants. 

2.  Attempts  were  made  to  develop  a  new  binding  material  or  a 
new  press,  without  proper  appreciation  of  the  principles  of  briquetting. 

3.  Plants  were  poorly  situated  for  marketing  the  briquets. 

4.  The  briquets  produced  were  inferior.  Briquets  containing  an 
excessive  amount  of  pitch  binder  have  been  placed  on  the  market, 
with  the  result  that  after  one  trial  householders  were  disgusted  with 
the  soot  and  odor  produced.  Results  of  this  kind  are  especially 
harmful  to  the  development  of  the  industry,  as  it  is  very  hard  to  over- 
come a  prejudice  against  briquets  when  once  it  is  created. 

5.  Poor  salesmanship  has  been  responsible  for  other  failures  of 
briquetting  ventures.  As  briquets  are  a  comparatively  new  and 
untried  form  of  fuel  careful  salesmanship  to  introduce  them  is 
required.  As  many  retail  coal  dealers  are  afraid  that  the  new  fuel 
will  supplant  the  usual  fuels  they  do  not  encourage  the  introduction 
of  briquets;  some  even  tell  their  customers  that  briquets  are  made  of 
dirt  and  have  practically  no  heating  value.  Therefore,  to  build  up 
a  successful  business  in  fuel  briquetting  requires  much  advertising 
and  demonstration,  not  to  mention  capital  and  time. 

6.  Uncertainty  in  the  supply  of  raw  fuel  or  binder  has  caused  the 
failure  of  many  briquetting  plants, 
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7.  Lack  of  technical  supervision  has  in  some  instances  been  the 
direct  cause  of  failure.  Certain  features  of  briquetting,  notably 
suitable  binder,  proper  temperature,  and  the  influence  of  moisture, 
are  all  problems  that  require  technical  investigation  and  chemical 
control.  The  making  of  satisfactory  briquets  involves  considerably 
more  than  the  possession  of  suitable  machinery.  Slight  variations 
in  the  quality  of  binder  used  may  make  all  the  difference  between 
success  and  failure,  as  the  binder  is  the  largest  item  in  the  briquetting 
cost. 

CONDITIONS  FAVOBINO  DEVELOPMENT  OF  THE    INDXJSTBY. 

The  condition  that  more  than  any  other  has  prevented  the  develop- 
ment of  this  industry  in  the  United  States  is  the  low  price  of  bitumi- 
nous coal  and  especially  the  small  difference  between  the  price  of  the 
lump  coal  and  that  of  the  slack,  or  fine  coal.  Much  of  the  lump  coal 
is  finally  crushed  before  being  manufactured  into  coke,  and  the  slack 
coal  has  even  the  advantage  in  not  having  to  be  crushed.  Where 
these  coals  are  sold  for  general  power  purposes  much  of  the  fine  coal 
can  be  shipped  and  burned  with  the  lump  coal,  for  the  reason  that  it 
fuses  as  soon  as  it  begins  to  bum,  and  therefore  neither  clogs  the 
draft  nor  escapes  with  the  ashes,  as  is  the  case  with  noncoking  coals. 

In  States  where  noncoking  coals  are  produced  the  demand  for  the 
slack  coal  is  not  so  great,  and  in  some  places  it  can  be  bought  for  less 
than  50  cents  per  ton.  At  a  number  of  mines  large  quantities  are 
thrown  on  the  dump  as  waste,  and  frequently  the  slack  is  burned 
there  in  order  to  get  rid  of  it. 

A  lai^e  variety  of  special  equipment  for  burning  fine  coal  has 
been  developed  in  the  United  States.  The  results  of  many  tests 
seem  to  indicate  that  with  the  noncoking  coals  the  use  of  the  finely 
powdered  coal,  even  in  the  modern  furnace,  is  a  disadvantage  rather 
than  a  gain.  The  fine  material  sifts  through  on  to  the  grates,  pre- 
vents a  full  draft,  and  may  be  ultimately  lost  with  the  ashes.  This 
material  should  therefore  be  separated  from  the  coarser  coals  and 
made  into  briquets  if  possible. 

With  anthracite  and  semianthracite  coals  the  difference  between 
the  price  of  the  lump  coal  and  that  of  the  slack  is  often  more  than 
sufficient  to  cover  the  cost  of  manufacturing  briquets,  and  in  such 
cases  there  can  be  no  question  as  to  the  possibiUty  of  establishing  a 
briquetting  industry  as  soon  as  the  proper  binding  material  and 
briquetting  equipment  can  be  provided. 

There  are  still  other  cases  in  which  the  difference  between  the  price 
of  the  lump  coal  and  of  the  slack  is  about  sufficient  to  cover  the  cost 
of  briquet  manufacture.  The  fact  that  the  briquets  made  from  this 
material  present  certain  advantages  over  the  lump  coal  make  them 
command  a  price  enough  higher  to  provide  a  margin  of  profit. 
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The  high  cost  of  pitch  binder  is  one  of  the  barriers  in  the  way  of 
the  development  of  this  industry.  One  of  the  purposes  of  this  inves- 
tigation has  been  to  discover,  if  possible,  some  cheaper  binding 
material.  The  cost  of  manufacturing  briquets  in  France,  Germany, 
Belgium,  and  England,  including  all  necessary  items  except  the  cost  of 
the  coal  and  binding  material,  ranges  from  25  to  50  cents  per  ton. 
Where  pitch  is  used  as  a  binder,  its  cost  for  a  ton  of  briquets  varies 
from  50  to  80  cents.  How  far  the  cost  of  briquetting  may  be  reduced 
by  the  use  of  cheaper  binders  remains  to  be  seen. 

PRESENT  OT7TLOOK. 

The  most  favorable  outlook  for  the  development  of  this  industry 
in  the  United  States  is  in  the  direction  of  the  use  of  briquets  in  loco- 
motives and  in  domestic  furnaces  and  stoves.  It  can  hardly  be 
expected  that  at  the  present  prices  of  slack  coal  briquets  can  be 
manufactured  for  successful  use  in  the  ordinary  power-plant  furnaces. 

The  fuel-briquetting  industry  has  passed  the  pioneer  stage  and  is 
making  a  steady  growth  each  year.  The  engineering  difficulties  have 
been  solved  to  the  extent  that  at  least  one  engineering  firm  is  willing 
to  build  a  briquetting  plant  and  guarantee  it  to  produce  a  specified 
tonnage  of  briquets  of  a  certain  quality,  the  plant^s  efficiency  to  be 
established  before  payment  is  made. 

There  were  in  operation  in  the  spring  of  1912  18  fuel-briquetting 
plants,  all  of  which  were  visited  by  the  writer;  about  6  other  plants 
may  be  operating  successfully,  although  they  were  not  inspected  by 
the  writer  in  1912. 

ADVANTAGES  OF  BBIQT7ETTED  OVER  NATTJHAL  FUEL. 

Briquets  when  properly  made  with  a  suitable  binder  possess  the 
following  advantages  over  raw  fuel: 

1.  The  even  size  of  the  briquets  permits  a  more  regular  and  thorough 
combustion  in  the  firebox  or  furnace. 

2.  They  produce  much  less  smoke,  and,  in  many  cases,  practically 
no  smoke.  This  feature  of  briquets  is  more  noticeable  with  the 
smaller  sizes  than  with  the  large  rectangular  blocks.  On  account  of 
the  number  of  flat  surfaces  the  latter  tend  to  pack  together,  thus 
preventing  free  access  of  air.  If  an  excessive  amount  of  tarry  pitch 
is  used  some  smoke  will  be  given  off. 

3.  Good  briquets  retain  their  shape  in  the  fire,  and  do  not  cake 
sufficiently  to  cut  off  the  supply  of  air  to  the  upper  surface  of  the  fire. 

4.  Briquets  usually  burn  to  a  fine  ash  without  clinkering.  In  the 
briquetting  process  the  mixing  and  grinding  distributes  the  ash  or 
foreign  material,  which  forms  lumps  and  layers  in  the  raw  coal. 
When  raw  coal  is  burned  many  of  these  lumps  and  layers,  being  too 
large  to  pass  the  grate,  are  fused  into  clinkers. 

6.  A  briquet  fire  requires  much  less  care  than  one  o|j:,^vJuigljOQlc 
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6.  The  evaporative  power  of  briquets  is  greater  than  that  of  coal 
in  its  natural  condition.  This  advantage  has  been  found  to  exist 
at  all  rates  of  evaporation.^ 

8.  The  weather-resisting  qualities  of  many  coals,  especially  lignites, 
are  greatly  improved  by  briquetting. 

9.  Steam  can  be  more  quickly  and  easily  raised  with  briquet  fuel 
than  with  run-of-mine  coal.'' 

10.  Higher  rates  of  combustion  are  possible  with  briquets  than  with 
run-of-mine  coal.*^ 

11.  The  loss  from  breakage  during  transportation  of  good  briquets 
is  less  thaa  with  run-of-mine  coal.  This  loss  should  not  exceed  5  per 
cent. 

12.  The  possibility  of  spontaneous  combustion  is  eliminated  if  the 
fuel  is  stored  in  the  briquetted  form,  and  for  this  reason  fuel  in  the 
form  of  briquets  is  favored  by  European  countries. 

13.  The  large  block-shaped  briquets  may  be  piled  in  regular  rows, 
and  occupy  less  space  per  ton  than  the  run-of-mine  coal.  However, 
the  egg-shaped  or  cylindrical  briquets  occupy  more  space  than  the 
run-of-mine  fuel. 

14.  Briquets  have  a  higher  heating  value  than  the  raw  fuel  from 
which  they  are  made,  by  reason  of  the  higher  heating  values  of  the 
binders  and  the  loss  of  water,  especially  in  the  case  of  lignite,  during 
briquetting. 

THE  BBIQXTETTINa  OF  AMERICAN  LIGNTTES. 
INTRODUCTORY   STATEMENT. 

The  industrial  supremacy  of  the  United  States  is  dependent  on 
its  fuel  resources.  A  small  part  of  the  total  fuel  supply  of  the  United 
States  has  been  used,  but  increase  in  the  cost  of  mining  will  lead  to 
a  better  utilization  of  the  waste  products  from  the  mining  industry. 

Of  the  five  general  classes  of  fuel,  namely,  anthracite,  bitiuninous 
coal,  subbituminous  coal  (also  called  black  lignite),  lignite  (or  brown 
coal),  and  peat,  anthracite  and  bituminous  coals  are  in  most  general 
use  to-day  in  the  United  States,  the  subbituminous  being  used  in  the 
West  to  an  increasing  extent.  Lignite  and  peat  are  at  present 
utilized  only  as  local  fuels  and  in  a  few  regions. 

In  the  western  and  southern  parts  of  the  United  States  there  are 
large  deposits  of  lignite,  which,  as  it  comes  from  the  mine,  is  not 
suitable  for  general  use  as  fuel.    The  high  proportion  of  water  or 

o  Ooss,  W.  F.  M.,  Comparative  tests  of  run-of-mlne  and  briquetted  coal  on  locomotiyes:  BuH.  37,  Bureaa 
of  Mines,  58  pp.,  4  pis.,  35  figs,  (reprint  of  U.  8.  Geol.  Survey  Bull.  363). 

ft  Ray,  W.  T.,  and  KreMnger,  Henry,  Tests  of  run-of-mlne  and  briquetted  ooal  in  a  looomottve  boiler. 
Bull.  34,  Bureau  of  Mines,  33  pp.,  9  flgs.  (reprint  of  U.  S.  Geol.  Survey  Bull.  412.) 

e  Ray,  W.  T.,  and  Kreislnger,  Henry,  Comparative  tests  of  run-of-mine  and  briquetted  ooal  on  the  tor- 
pedo bottt  BiddU:   Bull.  33,  Bureau  of  Mines,  50  pp.,  10  fig?,  (reprint  of  U.  8.  Geol.  Survey  BoIL  8S). 
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moisture  (in  some  cases  as  high  as  42  per  cent)  decreases  the  heat 
value  of  the  raw  lignite;  the  evaporation  of  the  moisture  causes  lig- 
nite to  crumble  or  slack  when  exposed  to  the  air  for  a  few  days,  and 
to  deteriorate  greatly  during  storage  or  long  transportation.  Lignite 
stored  in  large  piles  is  much  more  liable  to  spontaneous  combus- 
tion than  bituminous  coal.  Lignite  is  noncoking.  As  it  falls  to 
pieces  and  readily  sifts  through  the  grate,  special  furnaces  are 
required  to  bum  the  raw  lignite  properly. 

Because  of  its  inferiority,  lignite  has  not  been  used  extensively  in 
this  country.  It  has  been  used  in  Texas,  North  Dakota,  and  other 
States  to  some  extent  as  a  local  household  fuel,  and  is  rapidly  gain- 
ing favor  as  a  gas-producer  fuel  in  the  State  of  Texas.  Li  many 
localities  where  lignite  is  found  in  abundance,  good  bituminous  coal 
conunands  a  high  price,  and  for  this  reason  the  briquetting  of  this 
lignite  as  a  means  of  improving  its  heating  value  and  making  it  avail- 
able for  a  household  fuel  has  attracted  attention. 

Gierman  lignite  contains  a  higher  percentage  of  water  than  Ameri- 
can lignite  and  most  of  it  is  so  soft  that  it  can  be  cut  with  a  spade. 
Many  lignite  beds  in  Germany  are  filled  with  well-preserved  logs  and 
pieces  of  wood. 

EXTENT   OP  LIGNrTE   RESOUKOES   IN   UNITED   STATES. 

The  United  States  Geological  Survey  has  estimated  the  supplies 
of  coal  and  lignite  in  the  United  States  as  follows:  * 

Torvnage  by  grades  of  coal  and  accessibility. 
{Short  tons.] 


Area,  in 
square 
miles. 

Original  supply. 

Ea^y  accessi- 

Kind of  ooal. 

Amount  easily 
aooessible. 

Amount  accessible 
with  difDcuIty. 

ble  ooal  stlU 
available. 

Antlirecite  aod  bitaminocu 

350,531 
97,036 
148,609 

1,257,766,000,000* 
356,707,000,000 
389,545,000,000 

505,730,000,000 
293,450,000,000 
354,045,000,000 

1,247,672,000,000 

^Tibbltaxnlnou?? 

356.594.000.000 

Lignite 

389,534,000,000 

Total ^ 

496,776 

k,  004, 018, 000, 000 

1,153,225,000,000 

1,993,800,000,000 

A  recent  estimate  ^  made  by  the  United  States  Geological  Survey 
indicates  that  the  lignite  resources  are  greater  than  given  ixx  the  earlier 
estimate.    The  later  estimate  follows. 


a  Mineral  Resources,  U.  8.,  1907. 
92012«>— Bull.  68—13 2 


6  In  letter  to  author. 
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lAqnite  (kposUs  in  the  United  States,  short  tons. 


State. 


Area,  In  square  miles. 


Containing 

workable 

beds. 


May  eon- 
tain  work- 
able beds. 


JEstlmated  origi- 
nal lignite  sup- 
ply in  Doth  eesQy 
aooesslbleandac- 
oeB8iblewlthdi^ 
Acuity. 


Alabama 

Arkansas 

Louisiana 

ICississippi... 

Montana 

North  Dakota 
South  Dakota. 

Tennessee 

Texas 

California. 


(•) 
100 
8,800 
7,500 

33.130 

29,830 

2,160 

1,000 

2,000 

(«) 

156,890 


6,000 
5,900 


6,350 
820 

W,ooo 


385, 

23, 
1,087, 


I! 


000,000 


700,000 
929,400,000 
020.300,000 

100.000,000 

514,400,000 


a  Data  insufficient  on  which  to  base  an  estimate. 

There  are  many  deposits  of  lignite  in  the  Western  and  Southern 
States,  the  most  important  deposits  being  found  in  Texas,  North 
Dakota,  Montana,  and  California.  These  deposits  vary  in  thickness 
from  a  few  inches  up  to  80  feet. 

PBODUCnON  AND  VALUE  OF  UOKITE   IN  UNITED  STATES. 

The  following  table  gives  the  production  and  value  of  lignite  mined 
in  the  United  States  in  1910: » 

Production  and  value  of  lignite  in  the  United  States  in  1910. 


State. 

Produc- 
tion. 

Avera^s 

price  per 

ton  at  mine. 

California    

Tom. 

11,164 
595,139 

07,533 
881,232 

$1.64 

North  Dakota. 

1.49 

OngOn.  .   .    r    r    -    -    -    . r    -    -    -    r    T ,,.,,-,.,, ,.    ^   ,  r   ,-,,-.   r    -    .  n   ,,.  r 

3.48 

Texas ^  ^, ■.  r . r--. ,,,-,,,-,-,-..,, ,.,-.^^,--,-,,.., 

,87 

BBIQUETTING  OF  LlONtrE   IN  THE   PAST. 

Germany  and  other  European  coimtries  have  been  briquetting 
lignite  successfully  for  30  years.  The  main  causes  why  this  industry 
has  not  been  developed  in  this  country  are:  The  low  price  of  high- 
class  American  fuels  compared  with  the  price  of  similar  fuels  in  foreign 
countries,  and  the  small  demand  for  fuel  in  the  western  part  of  the 
United  States  where  the  larger  deposits  of  ligmite  are  found. 

A  series  of  investigations  was  made  with  the  German  machine  by 
the  Bureau  of  Mines  without  the  use  of  any  artificial  binder.  Those 
lignites  that  were  not  made  into  good  briquets  in  this  series  of  experi- 

a  Compiled  from  data  in  "  Prodaotkm  of  coal  in  1910,"  from  Mineral  Besoovoet  U.  S.  tn  1910,  hj  E.  W. 
Farker,  U.  8.  Oeol.  Survey. 
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ments  may  possibly  produce  excellent  briquets  in  a  machine  adapted 
to  working  with  artificial  binders.  Preliminary  tests  with  a  hand 
press  indicate  excellent  possibilities  in  the  use  of  binders  in  making 
lignite  briquets. 

GERMAN   BRIQUETTINO  PRESS. 

The  German  press,  mentioned  above,  is  typical  of  those  used  in 
Germany  for  briquetting  lignite  without  binders.  It  is  of  the  open- 
mold  type,  and  pressure  is  developed  by  forcing  the  lignite  through  a 
gradually  decreasing  opening  or  tube  3  feet  long.  This  press  gives  a 
working  pressure  of  14,000  to  28,000  pounds  per  square  inch.  The 
capacity  of  the  press  is  about  3.8  tons  per  hour,  but  varies  with 
different  lignites  according  to  the  ease  with  which  they  can  be 
briquetted.  The  speed  varies  from  60  to  120  revolutions  per  minute, 
the  latter  figure  being  the  rated  speed  of  the  machine  when  working  on 
German  lignites. 

RESULTS   OP   LIGNITE-BRIQUETTING   TESTS. 

All  lignite  was  shipped  from  the  mines  to  the  plant  in  box  cars  to 
eliminate  weathering  while  in  transit.  The  lignite  was  stored  in 
covered  bins  and  for  each  test  3  or  4  tons  was  prepared  for  pressing 
by  being  crushed,  dried,  and  cooled. 

As  a  result  of  the  tests  conducted  by  the  Bureau  of  Mines,  using  the 
German  method  without  binder,  it  was  found  that  briquets  could  be 
made  of  lignite  from  the  following  localities: 

Texas. — Lytle,  Medina  County.  Satisfactory  briquets  made,  but 
lignite  difficult  to  briquet. 

North  Dakota, — Scranton,  Bowman  County.  Satisfactory  briquets 
made.  Lehigh,  Stark  County.  Difficult  to  briquet,  but  some  fair 
briquets  made. 

Califomia. — lone,  Amador  Coimty.  Excellent  briquets  easily 
made. 

Lignites  from  the  following  localities  were  not  briquetted  on  the 
German  press: 

Texas. — Rockdale;  sample  insufficient.  Calvert;  no  satisfactory 
briquets  made. 

Ncrtk  2?afcoto.— Vanderwalker;  no  satisfactory  briquets  made. 

After  these  tests,  tests  were  made  with  the  hydraulic  hand  press, 
various  binders  being  used.  The  results  indicate  that  certain 
Texas  and  North  Dakota  lignites  can  be  made  into  satisfactory 
briquets  with  the  percentage  of  binder  given  in  the  following  table  as 
the  minimum  required. 
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Minimum  percentage  of  certain  hinds  of  hinder  required  with  certain  lignites. 


Sample  from— 

Binder. 

Amount. 

Kind. 

VftnHArwfillrAr,  N    D^k 

Percent. 
8 
3 

i 

3 
8 

Water-gaa  pitch. 
Fknir.a 

Do 

Do 

Cell  pitch.a 

Calvert,  Tex 

Water-gas  pitch. 

Do                             .           

Floar.a' 

Do 

Cellpltch.a 

a  Briquets  were  not  waterproof. 
INCREASE   OF  HEATING   VALUE. 


The  foUowijig  table  shov^rs  how  the  heating  value  of  lignite  is 
increased  by  the  removal  of  moisture  during  briquetting: 

Improvemenc  of  heating  value  of  lignite  by  briquetting. 


Field  designaUon. 

Moisture. 

Heating  value<per  pound. 

Source  of  sample. 

In  raw 
lignite. 

In 
briquets. 

Re- 
moved. 

Raw 

lignite. 

Briquets. 

Increase. 

Texas 

PittsburghNo.il. 
Pittsburgh  No.  8.. 
Pittsburgh  No.  13. 
Pittsburgh  No.  14. 

Percent. 
33.0 
40.0 
42.0 
40.0 

Per  cent. 
9.0 
12.0 
10.0 
10.0 

Percent. 
24.0 
28.0 
32.0 
30.0 

B.  t.  u. 
6,840 
6,241 
6,079 
6,060 

B.  t.  u. 
9,336 
9,354 
9,355 
9,264 

Per  cent. 
36.5 

North  Dakota 

Do 

50.0 
51.0 

nrtlfnmlA  , 

52.4 

Excessive  moisture  in  fuel  not  only  causes  a  waste  of  useful  heat 
during  combustion,  but  also  is  a  source  of  expense  to  the  consumer, 
who  pays  freight  charges  on  useless  water.  In  the  case  of  one  of  the 
North  Dakota  lignites  the  removal  of  32  per  cent  of  moisture  during 
briquetting  reduces  decidedly  the  cost  of  supplying  a  consumer  with 
a  given  number  of  heat  units.  If  the  briquets  possessed  no  other  ad- 
vantage over  raw  lignite  than  their  higher  heating  value,  they  would 
be  worth  50  per  cent  more  than  the  raw  fuel.  The  table  shows  that 
the  average  heating  value  of  the  diflFerent  lots  of  briquets  was  about 
9;300  British  thermal  units  in  each  case,  although  the  J^ting  values 
of  the  raw  fuel  varied  considerably. 

RESISTANCE   TO   WEATHERING.    . 

The  results  of  the  weathering  tests  indicated  that  the  lignite  briquets 
resist  weathering  much  better  than  the  raw  fuel.  Some  briquet 
samples  after  exposure  to  autumn  and  winter  weather  for  four  months 
were  in  nearly  as  good  condition  as  at  first.  Samples  stored  under 
cover  did  not  show  any  signs  of  deterioration  after  six  months, 
although  the  raw  lignite  stored  under  the  same  conditions  disinte- 
grated in  two  months. 
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RESISTANCE  TO   HANDLING. 

The  briquets  bear  handling  better  than  the  raw  lignite.  Their 
superiority  is,  of  course,  more  striking  after  thu  lignite  and  the 
briquets  made  from  it  have  been  stored  for  several  weeks. 

EFFICIENCY   AS   FUEL. 

Preliminary  results  of  producer-gas  and  steaming  tests  indicate 
that  as  gas-producer  fuel  the  briquets  were  43  per  cent  more  efficient, 
and  as  boiler  fuel  were  14.5  per  cent  more  efficient,  than  the  raw 
lignite. 

WORK  OF   NORTH  DAKOTA   EXPERIMENT   STATION. 

North  Dakota  recently  passed  laws  requiring  all  its  pubHc  schook 
to  use  lignite  for  heating  wherever  possible.  By  act  of  legislature  an 
experimental  plant  has  been  established  at  Hebron  as  a  substation  of 
the  mining-engineering  department  of  the  University  of  North 
Dakota,  and  the  gas-making  and  briquetting  quaUties  of  the  lignites 
of  the  State  are  being  investigated  by  Prof.  E.  J.  Babcock.  At 
present  there  is  no  commercial  briquetting  plant  in  North  Dakota, 
although  there  have  been  numerous  promotion  schemes  projected 
from  time  to  time  within  the  State.  Babcock  ^  states  that  none  of 
the  various  processes  that  have  been  hitherto  suggested  for  the  treat- 
ment of  North  Dakota  lignite  has  been  adapted  to  the  needs  of  a 
successful  briquetting  industry.  As  a  result  of  his  research  he  beUeves 
that  North  Dakota  lignite  can  not  be  made  of  great  commercial  value 
except  in  the  immediate  vicinity  of  the  mines,  unless  it  can  be  raised 
to  a  higher  fuel  value.  To  accomplish  this  purpose  he  has  developed 
a  method  of  removing  and  saving  the  gas  and  other  by-products  and 
briquetting  the  residue  with  a  coal-tar  pitch  and  a  starchy  material 
as  a  binder.  This  residue  has  a  high  fuel  value,  but  does  not  coke, 
and  would  therefore  be  worthless  unless  briquetted.  When  bri- 
quetted  it  becomes  nearly  equal  in  heating  value  to  the  average 
anthracite.  The  briquet  is  strong,  stands  shipping  well,  retains  its 
form  while  burning,  and  is  of  such  high  heating  value  that  the  product 
can  be  transported  to  a  considerable  distance  and  marketed  at  a 
profit. 

a  In  correspondence  with  the  author. 
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COST  OF  BRIQUETTING  LIGNITE. 

The  cost  of  briquetting  lignite  should  be  considered  under  two 
heads :  (1 )  Cost  of  briquetting  without  binder  by  the  German  method ; 
and  (2)  cost  of  briquetting  with  binder  on  low-pressure  machines. 

COST  BY  THE  GEBMAN  METHOD. 

In  Germany  H  to  2  tons  of  raw  lignite  is  required  to  make  1  ton  of 
briquets.  Franke^  gives  figures  on  the  cost  of  briquetting  lignite 
in  a  German  plant  having  two  presses  and  a  capacity  of  120  long 
tons  per  24  hours  or  3,000  tons  per  month.  The  following  table  was 
taken  from  Franke's  work,  the  German  weights  and  costs  having 
been  converted  into  American  units  for  easier  comparison: 

Coat  of  briqtiets  toithout  binder  in  Germany. 


Itam. 


1.  Intereet  and  depreciation: 

(a)  Interest,  5  per  cent  on  ini,000 

(b)  Depreciation— 

10  per  cent  on  $66,000,  machinery  and  equipmsnt. . 
5  per  cent  on  146,000,  tmUding 

2.  Rawlioute: 


(a)  Li^te  for  1  ton  bricjoets,  68  biuhela,  at  1.06  cents  per  budiel.. 


Lifnite  for  boiler  fuel,  for  1  ton  briquets,  34  bushels,  at  1.05  cents  per  bushel , 

Total.  102  bushels,  at  1.05  cents,  or  monthly,  3,000X102X1.05  cents 

3.  Labor  for  24  hours  (2  shifts): 

2  engineers,  at  83.3  cents $1. 66 

2  firemen,  at  83.3  cents 1. 66 

1  ash  remover,  at  71 .4  cents 71 

3  coal  passers,  at  83.3  cents 2. 50 

8  drier  fillers,  at  83.3  cents 6.66 

2  pressmen,  at  83.3  cents 1.66 

1  machinist,  at  83.3  cents 83 

12  boys  for  loading  and  piling,  at  53.3  cents 6. 40 

31  men,  total  pay  per  day 22. 08X25 

2  foremen,  1  weignman,  at  $47.60  per  month  each , 


Per  too 

of 
briquets. 


4.  Oil,  waste,  and  lighting  material. 

5.  Repairs,  xnaintenance,  etc 


Total.. 


The  cost  of  briquetting  without  binder  by  the  German  method  will 
of  course  vary  to  some  extent  with  the  location  of  the  plant.  The 
fact  that  lignite  is  high  in  moisture  makes  it  imperative  that  the 
plant  should  be  at  the  mine.  In  the  case  of  a  plant  for  briquetting 
bituminous  or  anthracite  coals,  the  plant  may  be  erected  to  better 
advantage  away  from  the  mines  and  near  the  point  of  consump- 
tion of  the  briquetted  fuel. 

COST  IN  THE  TTNTTED  STATES. 

Considering  now  the  equivalent  briquetting  cost  in  the  United 
States,  using  an  imported  German  machine  and  the  equipment 
necessary,  all  imported,  there  will  have  to  be  added  to  the  German 
cost  of  $66,000  for  a  plant  a  duty  of  45  per  cent,  or  $29,700. 


•  Franke,  O.,  Handbuch  der  Brikettbereitong,  yd.  1, 1910,  p.  591 
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The  cost  of  a  two-press  biiquetting  plant,  equipped  with  German 
presses  and  driers,  but  in  which  American  auxUiary  equipment  is 
used,  and  all  housed  in  a  buil(ling  of  steel  and  concrete  walls,  should 
not  exceed  $100,000.  Such  a  plant  would  have  a  capacity  of  about 
100  tons  of  briquets  per  day  of  20  hours,  or  2,500  tons  per  month  of 
25  working  days.  With  this  equipment  the  cost  of  production  in 
America  would  be  as  follows: 

Cost  of  briquets  without  binder  in  United  States. 


Item. 


1.  Interest  and  depredation: 


(a)  Interest,  6  per  cent  on  $100,000. . 
(6)  Depreciation— 


10  per  cent  on  $75,000,  machinery  and  equipment 

5  per  cent  an  $25,000,  buildings 

2.  Raw  lignite: 

(a)  For  briqaetting  1.5  tons  for  1  ton  briquets,  at  $1.50  per  ton 

(6)  Liniite  for  boiler  fuel,  OJS  ton  for  each  ton  nriquets,  at  $1.50  per  ton 

TotaL  2  tons,  at  $1.50,  or  monthly,  2,500X2X$1.50 

3.  Labor  for  20hoars  (2  shifts): 

2 engineer-preasmen, at$3 $6.00 

2  firemen,  at  $1.75 3. 50 

2  ooal  nnloaders,  at  $1.75 3.50 

2  briquet  loaders,  at  $1.75 3.50 

2  roustabouts,  at  $1.75 3.50 

1  machinist,  at  $3 3.00 

11  men,  total  pay  per  day 28. 00X25 

1  clerk  or  welghman,  at  $50  per  month 

4.  Oil,  waste,  andllght 

5.  Repain,  maintenance 


Monthly. 


$417.00 


025.00 
104.00 


Total.. 


7,500.00 


675.00 
50.00 
100.00 
125.00 


Per  ton  of 
briquets. 


$0,458 


2.25 
.76 


.250 

.04 
.05 


3.878 


The  cost  of  briquets  made  in  the  United  States,  with  raw  lignite 
at  $1.50  per  ton  at  the  mines,  would  be  about  $3.88  per  ton.  As  2 
tons  of  raw  lignite  is  used,  the  cost  of  the  raw  fuel  is  77  per  cent  of 
the  total  cost. 

Usmg  the  values  given  on  page  8,  the  price  of  Texas  lignite  at 
the  mine  being  averaged  at  87  cents  per  ton,  the  cost  of  briquets 
would  be: 

2  tons  lignite,  at  87  centa $1.  74 

Briquetting  costa 88 

Total,  per  ton 2. 62 

If  North  Dakota  lignite  were  used,  the  cost  of  briquets  would  be: 

2  tone  lignite,  at  $1.49 $2.98 

Briquetting  costa 88 

Total,  per  ton 3. 86 

If  California  lignite  were  used,  the  cost  of  briquets  would  be: 

2  tone  lignite,  at  $1.64 $3.28 

Briquetting  coats 88 

Total,  per  ton 4. 16 
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As  the  above  figures  are  based  on  the  value  of  the  lignite  at  the 
mine,  the  cost  of  briquets  would  be  somewhat  fess  if  the  briquetting 
were  done  by  the  operator  of  the  mines,  as  the  raw  material  used 
might  include  slacked  lignite,  which  would  generally  be  considered 
valueless. 

From  a  comparison  of  the  cost  of  briquets  made  in  Germany  with 
the  cost  of  those  made  in  the  United  States,  it  will  be  noticed  that 
the  briquetting  cost  in  Germany,  exclusive  of  the  raw  fuel  used,  is 
approximately  73  cents  per  ton  of  briquets,  and  in  the  United  States 
it  is  88  cents  per  ton.  This  increased  cost  in  the  United  States  is 
due  to  the  higher  cost  of  labor  and  the  shorter  working  hours  (10 
instead  of  12).  The  cost  would  be  higher  stiU  in  the  United  States 
if  it  were  not  for  the  greater  efficiency  per  man  and  the  use  of  me- 
chanical handling  of  materials.  It  will  be  noticed  also  that  the  cost 
of  the  raw  lignite  needed  to  produce  1  ton  of  briquets  in  Germany  is 
$1.07,  whereas  in  the  United  States  the  equivalent  quantity  costs  $3. 

MARKET  PRICE  OF  BRIQX7ETS  IN  EUROPE. 

A  consular  report  of  1907  gave  the  following  figures  of  the  market 
price  of  briquets  in  Europe: 

Market  price  of  briquets  in  Europe. 


Locatloii. 


Kind  of  briquet 


Size  or  shape 
(inches). 


Weight. 


Price. 


Wholesale. 


Retail. 


Dresden,  Saxony.. 


Basel,  Switzerland. 

Hamburg,     Ger- 
many. 

Gbsgow,  Scotland. 


Roubaix,  France.. 
Havrp,  France.... 


{Brown  coal... 
Bituminous. . 


/Anthracite... 
1  Brown  coal... 

1  Bituminous.. 
Saxon  brown 
coal. 
BitumInous(?) 


5  by  3  by  6. 


1.5-1.6  lbs. 


Sl.lMl.lTS  per 

1,000. 
I3.6»-S8.80    per 

1,000. 


About  6  lbs...  i 
About  6J  lbs...: 


Bituminous.. 
....do 


Paris,  France. 


.do. 


Frankfort,    Ger- 
many. 


Stettin,  Germany. 

Kehl,  Germany... 

Kotterdam,    Hol- 
land. 


Anthracite 

....do 

Brown    co  a  1 

with  6  per 

cent  coal  tar 

and  asphalt 

earth. 

Bituminous... 

Mixture  of  bi- 

tu  mi  no  us 

coal,  brown 

coal,  and  tar. 

iBrownooal..., 

\  Bituminous... 

/  Brown  coal. . . , 

I  Bituminous... 

(Charcoal 

{Bituminous... 
i Brown  coal... 


6  by  4  by  3i.. 


Cubes 

Large  egg... 

Small  egg 

/Large 

J  Perforated.. 

Egg 

Perforated.. 

Solid 

12  by  8  by  6. 

Egg 

7  b; 


S4.87perton 

$4.04  per  ton 

$3.28-13.52     per 
ton. 


i  S5.40perton.. 
$5.60  per  ton.. 


ySby  2. 


lib j  $2.90  per  ton. 


12  by  8  by  6. . .    About  10  lbs. . . 


6bv2by  1.. 
6by4by2i. 


1.3  lbs 

About  3  lbs.. 


S4  per  ton 

$2.93  per  ton. 


$4.05  per  ton. 
$4.52  per  ton. 
$).S5per  ton. 
$4.55  per  ton. 
$6.83  per  ton. 
$5.63  per  ton. 
$4.82  per  ton. 


$D.15-«>.»      per 

100. 
$0.38-10.77      per 

100. 
$0.10  per  ton. 
$7  JiO  per  ton. 


$4.35-44.38 

ton. 
$7.33  per  ton. 
$7.33  per  ton. 
$7.72  per  ton. 
$7.53  per  ton. 
$7.91  per  ton. 
$9.65  per  ton. 
$10.80  per  ton. 
$9  J8  per  ton. 
$4.60  per  ton. 
$5  per  ton. 
$3.25  per  ton. 


$4.40  ptf  ton. 

$5.25  per  ton. 
$5.75  per  ton. 

$5.27  per  ton. 
$5.43  per  ton. 


per 
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Nystrom*  gives  the  labor  cost  of  briquetting  lignite  for  plants 
with  one  press  as  45.4  cents  per  ton;  two  presses,  40  cents;  three 
presses,  36.4  cents;  four  presses,  31  cents;  five  presses,  27.3  cents; 
and  six  presses,  22.3  cents  per  ton.  He  further  states  that  ''As  the 
wages  in  Canada  are  higher  than  in  Germany  the  cost  of  labor  in 
a  plant  with  one  press  is  assumed  at  60  cents  per  ton."  He  estimates 
the  depreciation  as  5  per  cent  per  year  and  the  maintenance  as  3  per 
cent,  and  the  cost  of  a  complete  plant  with  one  press  and  a  yearly 
capacity  of  13,000  tons  as  $75,000.  His  estimate  of  the  charges  for 
depreciation  and  maintenance  is  8  per  cent  of  $75,000,  or  46  cents  per 
ton.  The  cost  of  labor  and  fixed  charges,  according  to  his  estimate, 
is  $1.06  per  ton. 

In  a  consular  report  ^  the  cost  of  briquetting  hgnite  in  Germany 
is  stated  as  follows: 

Cost  of  manufacture  of  lignite  briquets. 


Description. 


From  lignite  taken  from  open  workings  under  good  conditions,  with  about  46  per  cent  water: 

In  large  briquet  foctones 

In  smikll  briquet  factories 

From  lignite  taken  fh>m  open  vrorklngs,  with  moi%  than  46  per  cent  water  (in  large  factories). . 
From  Ignite  taken  from  deep  worklxigs,  with  about  46  per  cent  water: 

In  large  briquet  factories 

In  small  briquet  factories 

Fnuk  lignite  taken  fhim  deep  workings,  with  more  than  46  per  cent  water  (in  large  factories). 


United 

States 

currency. 


11.14-41.29 
1.1»-  1.38 
1.3S-  1.62 

1.31-  1.02 
1.62-1.74 
1.66-  1.86 


In  the  case  of  materials  containing  15  to  18  per  cent  of  water,  for 
which  a  drying  process  is  not  necessary,  the  cost  of  manufacture  is  con- 
siderably lower.  As  the  cost  of  labor  and  fuel  is  higher  in  the  United 
States  than  it  is  in  Germany,  the  above  figures  are  useful  for  com- 
parison only. 

Schorr  *  gives  costs  for  the  German  lignite  industry  as  follows: 

The  raw  bxown  coal  costs  22  to  31  cents  per  metric  ton  (2,204  pounds)  at  the  works. 
The  fixed  charges,  allowing  7  per  cent  for  depreciation  and  5  per  cent  for  interest  on 
the  total  investment,  amount  to  about  $1.30  per  metric  ton  of  briquets.  The  whole- 
sale price  f .  o.  b.  the  works  ranges  from  $16  to  |23  per  carload  of  10  tons.  The  labor 
item  rarely  exceeds  24  cento  per  metric  ton  in  small  (one  or  two  press)  installations. 
AU  other  manufacturing  items,  exclusive  of  fuel  and  fixed  charges,  are  fully  covered 
by  from  8  to  11  cents  per  ton.  In  view  of  the  relatively  small  output  of  these  expen- 
sive presses,  and  in  view  also  of  the  elaborate  character  of  German  briquetting  works, 
the  fixed  charges  (depreciation  and  interest)  are  high.  The  largest  brown  coal  com- 
pany owns  20  briquetting  plants  with  52  presses.  There  are  a  number  of  other  con- 
ceniB  operating  from  8  to  42  presses.    Only  a  few  factories  employ  less  than  4  machines. 

«  Nystzom,  E.,  Peat  and  lignite;  their  manufacture  and  uses  In  Europe   Bull.  Canada  Dept.  of  Mines, 
MiiieB  Branch,  1906,  p.  147. 
ft  Special  Comnilar  Report  No.  2&,  1908,  p.  107. 
«  SobOKr,  Robert,  Lignite  biiquetdng  in  Qennany:  Eng.  and  Min.  Jour.,  vol.  85, 1908,  pp.  4(XM61. 
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ESTIMATED   COST  OF  BBIQXTBTTINa  AlOBRICAN  FUELS  WITH 

BINDEBS. 

The  cost  of  briquetting  fuels  in  the  United  States,  using  a  binding 
material,  varies  according  to  the  kind  of  binding  material  used  and 
the  locality  in  which  the  briquetting  is  done.  For  comparison  of 
this  method  of  briquetting  lignite  with  that  given  in  the  previous 
estimate  where  no  binder  was  used,  the  foUovdng  data  may  be  of 
interest: 

Estimated  cost  of  briqueUing  American  fuels  when  a  binder' is  used. 


Item. 


month. 


Pvtan 
briqnets. 


1.  Fixed  cbarges: 

(a)  Interest  on  investment,  6  per  cent  on  tlBfiOd., 
(6)  Depreciation— 

10  per  cent  on  $50,000.  machinery 

5  per  cent  on  $25,000  (buildings,  etc) 

2.  Labor: 

2  engineer-pressmen,  at  $3 

2  flremen,  at  $2 

2  binder  men,  at  12 

6  laborers,  at  $1 .75 


I 


12  men,  total  pay  per  day. 
1  clerk  or  weigher,  at  $50. 

3.  Oil,  waste,  and  light 

4.  Repairs,  maintenance, etc. 


$6.00 

4.00 

4.00 
10.50 

24.S0X2S 


$376.00  ' 

417.00  I 
104.00  ' 


tl2.00  \ 
50.00  f 


5.  Binder  6  per  cent  (300  tons,  at  $12). . 
Total  briquetting  cost 


50.00 
100.00 


3,600.00 


10.179 


.133 

.010 
.090 


.342 
.720 


1.062 


The  above  table  is  based  on  the  following  assumption: 

Capacity  of  plant,  200  tons  per  day  of  20  hours  or  5,000  tons  per  month. 

Plant  operated  2  shifts  of  10  hours  each  per  day. 

Cost  of  plant: 

Machinery  (American  type) $50,000.00 

Building  and  tracks 25,000.00 

Total 75,000.00 

Cost  of  binder,  per  ton 12.00 

Cost  of  fuel  used  for  power  to  be  included  in  cost  of  raw  fuel. 

The  cost  of  briquetting  lignite  if  a  binder  be  used  would,  from 
the  above  estimate,  be  approximately  as  follows: 

Cost  of  lignite  briquets  with  binder. 


Locality. 

Value  of 
raw  fuel 
per  ton. 

Tods  of 
rawUcnlte 

per  ton 
briquet8.a 

Total  oost 
of  raw  fuel. 

Briquet- 
ting  cost. 

Cost  of 
briquets 

par  too 
atplant 

T^xas r 

$0.87 
1.49 
1.04 

2 
2 
2 

$1.74 
2.98 
3.28 

$1.06 
1.06 
1.06 

$180 

North  Dakota 

4.01 

^■alifomJft. ...  

4.34 

a  Including  fuel  used  for  furnishing  power  as  well  as  that  used  for  making  briquets. 

The  cost  of  briquetting  bituminous,  anthracite,  or  subbituminous 
coals  would  differ  from  the  abov^  estimate  for  li^^te  only  in  the 
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cost  of  binder  required  and  the  cost  of  the  raw  fuel.  In  the  above 
estimate  the  briquetting  cost,  exclusive  of  binder,  was  $0,342.  If  to 
this  figure  be  added  the  cost  of  binder  and  the  cost  of  fuel,  a  fair  esti- 
mate of  the  cost  of  briquetting  any  of  the  three  fuels  will  be  obtained. 
The  allowance  to  be  made  for  fuel  for  power  and  drying  will  vary 
from  0.25  ton  for  anthracite,  which  is  low  in  moisture  and  does  not 
require  drying,  to  0.5  ton  for  subbituminous  coal,  which  has  consid- 
erable moisture  (as  high  as  20  per  cent). 

The  average  briquetting  cost  at  eight  plants  in  the  United  States 
making  briquets  from  anthracite  dust  or  bituminous  slack,  including 
the  cost  of  binder  but  not  the  fuel  briquetted,  was  $1,454. 

Investigations  have  shown  that  certain  classes  of  lignites  can  be 
briquetted  without  binder.  They  are  superior  to  the  raw  fuel  from 
which  they  were  made,  although  not  equal  to  bituminous  and 
anthracite  coals.  Lignite  briquets  without  binder  do  not  hold  to- 
gether in  the  fiire  as  well  as  those  made  with  a  binder,  nor  do  they 
resist  the  effects  of  moisture  as  well.  Briquets  made  without  binder 
supply  much  of  the  household  fuel  in  Germany.  A  plant  making 
lignite  into  briquets  without  binder  is  obviously  not  dependent  on  a 
supply  of  binding  material,  which  is  an  important  consideration  for  a 
plant  located  in  an  out-of-the-way  district.  Briquets  resist  weather- 
ing much  better  than  the  raw  lignite,  have  a  higher  heating  value, 
are  uniform  in  size,  permit  regular  firing,  and  can  be  stored  without 
serious  deterioration.  All  lignites  are  not  suitable  for  briquetting 
without  binder  and  therefore  those  requiring  a  binder  to  agglomerate 
them  are  not  considered  in  the  above  comparison. 

It  wiU  require  further  investigation  to  determine  whether  Texas 
lignite  can  be  briquetted  commercially  without  binder.  The  results 
so  far  obtained  indicate  that  binder  will  be  required.  North  Dakota 
and  California  lignites,  on  the  other  hand,  possess  excellent  briquet- 
ting quaUties  and  probably  can  be  briquetted  without  binder  if  a 
market  be  developed  for  this  type  of  briquet.  They  can  probably  be 
made  into  better  briquets  by  the  addition  of  a  binder  that  will  make 
them  stronger  and  more  resistant  to  weathering. 

With  the  present  price  of  fuel  in  North  Dakota,  lignite  briquets 
should  there  be  made  to  compete  with  other  fuels,  but  it  is  doubtful 
whether  the  same  may  be  said  of  the  Texas  and  California  fields, 
where  fuel  oil  and  high-grade  coal  are  available. 

CHARACTERISTICS  OF  BRIQUETS. 
COHBBENCE. 

Briquets  should  possess  sufficient  coherence  to  withstand  handling 
and  transportation.  In  a  commercial  plant  briquets  must  with- 
stand: (1)  A  drop  from  the  machine  to  some  form  of  conveyor; 
(2)  the  jar  received  while  they  are  on  the  conveyor;  and  (3)  a  drop 
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from  the  conveyor  to  the  pile  of  briquets  akeady  in  the  storage  bins 
or  cars.  Fresh  briquets  are  hot  and  soft  and  are  much  more  easily 
broken  than  after  cooling  and  air  drying.  Most  modem  plants  are 
arranged  so  that  the  fresh  briquets  do  not  drop  very  far  from  the  press 
to  the  conveyor  belt,  and  in  order  to  cool  them  quickly  an  open-mesh 
metal  conveyor  belt  has  been  found  most  satisfactory,  as  it  permits 
air  to  reach  all  sides  of  the  briquets.  The  openings  in  the  belt  tend 
to  prevent  the  briquets  from  rolling  as  on  smooth  rubber  or  leather 
belting.  Scraper,  screw,  or  bucket  types  of  conveyors  are  not  satis- 
factory for  handling  fresh  briquets,  as  they  break  the  briquets  and 
do  not  allow  air  to  come  in  contact  with  them.  The  drop  from  the 
end  of  the  conveyor  to  the  storage  pile  is  lessened  by  the  use  of  chut^. 

After  cooling  and  hardening  the  briquets  should  be  sufficiently 
strong  to  stand  whatever  transportation  is  necessary  to  deliver  them 
to  the  point  of  consumption  with  a  dust  and  breakage  loss  not  exceed- 
ing 5  per  cent.  The  French  use  a  tumbler  test,  similar  to  that  de- 
scribed on  pages  103  and  104,  to  determine  the  cohesive  strength  of 
briquets.     The  details  of  the  test  are  as  follows:  ** 

One  hundred  briquets,  each  weighing  1.1  pounds  (one-half  kilo- 
gram), are  placed  in  a  cylinder  36.22  inches  in  diameter  and  39.37 
inches  in  length.  The  cylinder  is  divided  into  three  compartments 
by  diametrical  partitions  and  revolves  at  a  speed  of  25  revolutions 
per  minute.  After  having  been  charged,  the  cylinder  is  revolved  for 
two  minutes.  The  contents  are  then  sifted  upon  a  screen  perforated 
with  holes  1.12  inches  square.  The  part  that  does  not  pass  through 
this  screen  indicates  the  degree  of  cohesive  force,  which,  in  the  case 
of  the  French  Admiralty  tests,  should  reach  52  per  cent,  or  if  the 
fuel  be  intended  for  torpedo-boat  use,  58  per  cent. 

Briquets  of  any  desired  degree  of  coherence  may  be  made  by  vary- 
ing the  proportion  of  binding  material  and  the  pressure.  An  increase 
of  either  the  binder  or  the  pressure  increases  the  cost  of  manufacture. 
Experiments  made  by  W6ry.  of  Paris, <*  with  a  Bifitrix  macliine  may 
be  taken  as  illustrative;  the  results  are  given  below: 

Effect  on  coherence  of  varying  pressure  and  amount  of  binder. 


Pressure  in 
kilojframs 
per  square 

centimeter. 

Pressure  in 
pounds  per 
square  inch. 

1,844 
2,695 
3,831 
•     1,844 
2,695 
3,547 

Pitch  used. 
Per  cent. 

Cohesion 
obtained. 

130 
190 
270 
130 
190 
250 

Percent. 
25 
46 
61 
52 
70 
74 

a  Briquets  as  fuel:  Special  Consular  Report  No.  26,  19C8,  p.  64. 
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HABDNESS   AND  TOUQHNBSS. 

The  briquet  should  be  hard,  but  not  brittle.  It  is  usually  advantar 
geous,  therefore,  to  make  the  briquet  of  the  minimiuu  hardness  that 
will  suffice  for  the  purpose  in  view.  A  briquet  can  be  made  harder 
by  using  a  binder  with  a  higher  softening  (melting)  point.  A  latter 
percentage  of  the  more  brittle  pitch  is  usually  required. 

The  requirement  of  the  French  Admiralty  is  that  the  briquet 
should  not  soften  at  60''  C.  (140''  F.).  Ordinarily  it  is  sufficient  that 
the  briquet  shall  not  soften  on  the  hottest  day. 

DENSITY. 

It  is  sometimes  specified  that  the  briquet  should  have  a  density  of 
not  less  than  1.19.  Perhaps  a  better  standard  would  require  the 
briquet  to  about  equal  in  density  the  lump  coal  from  which  the  slack 
is  derived,  this  ranging  from  1.1  to  1.4.  The  density  is  increased  by 
pressure. 

SIZE  AND  SHAPE. 

The  convenience  of  a  briquet  for  a  given  purpose,  and  hence  the  ex- 
tent of  its  use,  will  depend  largely  on  its  size  and  shape.  Heavy 
rectangular  blocks  allow  a  large  output  for  the  investment  and  are 
consequently  cheaper  to  manufacture,  and  more  convenient  to  store. 
The  French  naval  estimates  show  that  10  per  cent  more  (by  weight) 
of  briquets  can  be  stored  in  a  given  space  than  of  lump  coal,  and  the 
British  Admiralty  reports  show  a  gain  of  as  high  as  20  per  cent.  The 
large  rectangular  briquets  have  the  disadvantage  of  large  smooth 
surfaces  and  are  usually  broken  when  fed  into  furnaces.  To  facilitate 
the  breaking  they  are  pressed  with  grooves  or  perforations.  This 
gives  better  air  circulation  but  decreases  the  output  and  the  com- 
pactness of  storage. 

Prismatic  briquets  with  roxmded  edges  are  the  most  popular 
abroad.  Either  these  or  ovoid  shapes  weighing  less  than  2  pounds 
are  preferred  for  domestic  use.  The  rounded  edges  cause  much  less 
dust  and  breakage  on  handling  and  insure  good  circulation  of  air 
and  thorough  combustion,  but  the  briquets  do  not  pack  closely  when 
stored  and  are  somewhat  harder  to  ignite. 

WEATHEBINa. 

The  briquet  should  stand  long  exposure  to  the  weather  with  little 
deterioration.  A  dense  briquet  will  stand  the  weather  better  than 
a  porous  one.  Briquets  are  liable  to  crack  in  the  process  of  manu- 
facture if  they  lack  the  proper  proportion  of  binder,  have  been 
improperly  mixed,  are  pressed  too  w^et,  or  are  insufficiently  pressed. 
If  the  coal  be  finely  groimd,  the  briquets  assume  a  more  dense  and 
polished  surface,  and  are  therefore  more  resistant  to  the  weather. 


20  PXTEL-BBIQUBTTING  INVESTIGATIONS. 

Cracks  allow  the  entrance  of  moisture  and  cause  a  rapid  deterioration 
of  the  briquets  on  exposure  to  the  weather.  Lignite  briquets  do  not 
stand  long  exposure  to  the  weather  as  successfully  as  other  briquets. 
The  binder  used  must  be  insoluble  in  water.  The  great  obstacle 
to  the  successful  use  of  starch,  molasses,  and  sulphite-liquor  residues 
as  binders  is  theirsolubility,  the  cost  of  rendering  the  briquets  water- 
proof being  usually  prohibitive.  It  is  possible  that  in  certain  dry 
parts  of  the  West  the  waterproofing  of  the  briquets  could  be  dis- 
pensed with  altogether  during  the  dry  season,  and  to  a  considerable 
extent  during  the  rainy  season  if  the  briquets  were  kept  under  cover. 
With  pitches,  tars,  etc.,  a  slightly  increased  percentage  of  binder  is 
necessary  in  briquets  that  are  to  stand  long  exposure  to  the  weather. 

ABSOBFTION. 

The  briquets  should  not  absorb  more  than  about  3  per  cent  of 
moisture.  The  proportion  of  moisture  absorbed  is  increased  when 
either  the  original  fuel  or  the  briquet  is  porous,  or  when  the  binder 
used  has  a  tendency  to  be  hydroscopic. 

BUBNIN0  QUALITIES. 
READINESS   OF  IGNITION. 

The  ease  with  which  a  briquet  will  ignite  depends  largely  on  the 
fuel  used,  but  can  be  regulated  to  some  extent.  Large  briquets  ignite 
less  readily  than  small  ones.  Sharp  edges  are  an  aid  to  ignition,  but 
this  advantage  is  not  so  great  as  to  overcome  the  general  preference 
for  the  prismatic  and  egg-shaped  briquets.  Briquets  made  from  fine 
slack  ignite  less  readily  than  those  from  coarser  slack.  A  dense 
briquet  is  also  more  diflBcult  to  ignite.  The  use  of  an  inorganic 
substance,  such  as  clay  or  magnesia,  as  a  binder,  or  as  a  constituent 
of  the  binder,  tends  to  make  the  briquets  ignite  less  readily.  In- 
crease of  inorganic  material,  that  is,  ash,  in  the  slack  coal  used  pro- 
duces the  same  result. 

KIND   OP   FLAME. 

The  briquets  should  bum  with  a  clear,  intense  flame  and  with 
little  odor  or  smoke.  The  flame  produced,  as  well  as  the  smoke 
given  off,  will  depend  largely  on  the  quality  of  the  coal  used  and  on 
the  completeness  of  the  combustion.  The  completeness  of  combus- 
tion can  be  regulated  to  some  extent  in  the  manufacture  of  briquets 
by  making  them  of  such  a  shape  as  to  insure  a  good  circulation  of 
air  and  by  the  choice  of  a  suitable  binder.  The  smoke  does  not 
depend  on  the  total  amount  of  volatile  matter  in  the  briquets,  but 
only  on  that  part  of  the  volatile  matter  that  escapes  before  it  is 
heated  to  the  kindling  temperature.    The  binder  should  not  vola- 
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tilize  before  the  temperature  is  sufficiently  high  to  insure  complete 
combustion  of  the  gases  formed. 

Inorganic  binders  produce  no  smoke.  Such  organic  binders  as 
starch,  molasses,  or  sulphite-liquor  residues  likewise  do  not  volatilize 
until  decomposed,  and  hence  do  not  smoke,  or  smoke  only  little- 
Pitches,  tars,  and  petroleum  residues,  when  used  as  binders,  volatil- 
ize, and  will  cause  smoke  and  possibly  odor  if  the  gases  formed  are 
not  completely  burned.  The  regular  shape  of  the  briquets  allows  a 
better  r^ulated  air  supply  and  enables  a  more  complete  combustion 
than  does  lump  coal.  This  reduction  of  the  smoke  nuisance  is  one 
of  the  advantages  to  be  derived  from  briquets. 

RETENTION   OF  SHAPE. 

Stability  of  form  is  important  and  depends  on  the  properties  of 
both  the  coal  and  the  binder.  The  binder  must  hold  the  coal  par- 
ticles together  until  they  are  sufficiently  softened  to  cohere.  Some 
bituminous  coak  cake  readily  at  a  low  temperature.  Semianthracite 
coals  follow  next  in  order,  and  then  anthracite  coak.  Some  of  the 
very  hard  anthracite  coak  with  only  a  smaU  proportion  of  volatile 
matter  have  little  tendency  to  cake.  Lignites  as  a  class  do  not  cake 
readily.  Those  from  Oklahoma  or  New  Mexico  will  cake  sufficiently 
at  a  rather  high  temperature  to  hold  together.  Some  California, 
Texas,  and  North  Dakota  lignites  show  practically  no  tendency  to 
soften  or  cake  at  any  temperature.  With  such  lignites  it  is  extremely 
difficult  to  make  a  briquet  that  will  retain  its  shape  in  the  fire. 
Briquets  for  domestic  use  can  be  made  from  such  lignites.  These 
briquets,  with  the  use  of  a  suitable  grate,  might  be  used  in  a 
variety  of  manufacturing  operation3.  As  a  locomotive  fuel  they 
would  be  less  suitable. 

With  a  readily  caking  coal,  a  binder  that  volatilizes  at  a  compara- 
tively low  temperatiu'e  may  be  used.  With  coals  that  cake  at  higher 
temperatures  a  less  volatile  binder  must  be  used.  With  a  lignite 
that  does  not  cake,  the  only  binder  that  will  enable  the  briquets  to 
retain  their  shape  until  completely  consumed  is  an  inorganic  binder 
that  does  not  volatilize,  unless  sufficient  organic  binder  be  added  to 
practically  coke  the  briquets.  With  such  lignites,  organic  binders 
that  do  not  volatilize,  such  as  starch,  molasses,  and  sulphite-liquor 
residues,  give  results  that  are  fairly  satisfactory.  The  briquets  retain 
their  shape  until  the  binder  is  itself  decomposed.  As  the  inorganic 
binders  add  ash  and  as  the  other  nonvolatile  binders  mentioned  are 
not  waterproof,  it  may  be  possible  to  mix  a  noncaking  coal  with  a 
sufficient  proportion  of  caking  coal.  Then  with  a  suitable  binder  the 
briquets  will  retain  their  coherence  in  the  fire  by  the  softeixing  of  the 
caking  coal  used. 
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PEBGENTAOE  OF  ASH. 

The  proportion  of  ash  left  when  the  briquets  are  burned  is  the 
sum  of  that  contained  in  the  slack  and  in  the  binder  used.  In  some 
foreign  countries  only  6  per  cent  of  ash  is  permitted  under  many  of  the 
contracts  for  briquets.  When  the  ash  content  of  the  slack  exceeds  6 
per  cent  the  briquet  may  be  improved  by  washing  the  slack  coal  before 
briquetting.  This  saves  freight  on  an  incombustible  material,  saves 
binder,  and  gives  in  every  way  a  better  and  more  concentrated  fuel. 

EVAPORATION  BBSTTLTS. 

The  theoretical  heating  value  of  a  briquet  is  the  sum  of  the  heating 
units  of  the  coal  and  of  the  binder.  Oiganic  binders  usually  equal  or 
exceed  in  heating  value,  weight  for  weight,  the  slack  coal  used.  They 
increase  the  total  heat  in  a  given  weight  of  fuel,  but  owixig  to  the 
small  percentage  of  binder  added,  this  increase  is  slight.  But  the 
briquets  have  the  advantage  over  the  coal  in  that  they  liurn  with 
less  waste  and  permit  easy  regulation  and  more  complete  combus- 
tion. The  evaporation  results  should  at  least  equal  those  of  the  best 
lump  coal  from  the  screenings  and  dust  of  which  the  briquets  are 
made.  In  many  cases  the  efficiency  of  the  fuel  may  be  increased 
10  to  15  per  cent  by  briquetting,  when  special  furnaces  are  not  pro- 
vided for  burning  the  fuel  in  its  natural  condition. 

EQUrPMBNT  OF  BRIQUETTING  PLANTS. 

ST.  LOUIS    PLANT. 

The  briquetting  plant  erected  at  St.  Louis  in  1904  had  two  machines 
of  distinctly  different  types,  one  of  English  and  one  of  American 
manufacture.  The  English  machine  is  one  of  the  standard  type  for 
briquetting  with  stiff  pitch,  and  consists  of  a  double-compression, 
vertical-table  press,  with  closed  molds,  and  accessories.  It  was 
operated  by  a  50-horsepower  Westinghouse  motor. 

The  American  machine  was  constructed  on  Belgian  patterns,  being 
what  is  ordinarily  known  as  the  eggette,  or  Belgian,  type  of  press. 
It,  too,  was  operated  by  a  50-horsepower  Westinghouse  motor. 

ENGLISH  MACHINE. 

The  English  machine  as  installed  at  St.  Louis  is  illustrated  in 
Plate  I,  A,  which  is  a  general  view  of  the  machine. 

The  coal  was  delivered  to  the  feeding  platform  of  the  English  ma- 
chine by  a  Robins  inclined  belt  conveyor.  It  was  then  shoveled  to  a 
coal-feeding  worm  through  a  hole  in  the  floor.  The  pitch  that  was 
used  as  a  biader  was  first  reduced  to  suitable  lumps  and  fed  into  the 
pitch  cracker,  where  it  was  broken  to  ^-inch  size  and  dropped  upon 
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a  smaller  worm;  this  in  tiini  delivered  it  to  the  coal  in  the  larger 
worm.  The  smaller  worm  was  driven  by  sprockets  from  the  larger 
one,  and  the  percentage  of  pitch  that  was  added  to  the  coal  could  be 
varied  by  changing  the  wheels. 

Although  this  arrangement  gave  good  results  when  the  same  coal 
and  binder  were  used,  it  was  not  sufficiently  flexible  to  be  adapted 
to  the  various  coals  and  binders  that  were  used  in  the  experimental 
work.  For  most  of  the  experiments,  the  crushed  coal  and  cracked 
binder  were  weighed  and  mixed  by  hand.  The  mixed  coal  and 
binder  were  then  fed  to  the  larger  worm  through  the  hole  in  the 
floor. 

After  a  slight  mixing  in  the  larger  worm  the  material  entered  an 
impact  disintegrator,  in  which  it  was  reduced  to  the  desired  fineness. 
The  speed  of  the  disiategrator  was  varied  according  to  the  character 
of  the  coal.  From  the  disintegrator  the  material  was  elevated  to  a 
pug  mill  in  which  the  binder  was  softened  by  live  stecun.  As  there 
was  no  superheater,  the  range  of  temperature  in  which  the  binder 
could  be  softened  was  limited.  Again,  live  steam  is  apt  to  be 
wet,  and  was  therefore  often  a  detriment  to  the  production  of  wac- 
oessful  briquets.  A  Foster  superheater  that  was  afterwards  installed 
overcame  these  difficulties  almost  entirely. 

From  the  pug  mill  the  plastic  mixture  fell  by  gravity  to  the  press 
feed  box,  from  which  it  was  forced  by  a  plunger  into  brass-liaed 
molds  on  a  vertical  revolving  table.  After  a  half  revolution  of  the 
table,  the  mass  in  the  mold  was  pressed  by  a  system  of  compound 
levers  at  a  pressiire  of  2  'tons  per  square  inch.  The  pressure,  how- 
ever, could  be  varied  from  a  few  pounds  to  4,000  pounds  per  square 
inch. 

After  another  quarter  revolution,  by  means  of  a  plunger,  the 
briquets  were  forced  out  of  the  molds  to  a  slide  or  table  set  at  a 
height  convenient  for  stacking  on  trucks.  The  briquets  were  taken 
from  the  table  by  hand  as  soon  as  they  were  discharged  from  the 
press  and  stacked  on  a  platform  just  outside  the  building.  The  bri- 
quets were  rectangular  (6  by  5  by  4  inches)  except  for  rounded  cor- 
ners, and  weighed  on  the  average  6.8  pounds  each.  The  maximum 
capacity  of  this  press  was  6  tons  of  briquets  per  hour. 

To  obtain  a  briquet  that  would  more  nearly  fulfill  the  requirements 
of  domestic  use  and  of  stationary  and  locomotive  boiler  practice,  the 
thickness  of  the  briquet  was  reduced  to  2  J  inches,  the  other  dimen- 
sions remaining  the  same.  By  adjusting  the  machine  for  this  change 
it  "WBs  possible  to  make  satisfactory  briquets,  weighing  about  3J 
pounds,  at  the  rate  of  about  4  tons  per  hour. 

This  machine  was  adapted  only  to  those  binders  that  did  not  become 
plaatic  before  reaching  the  pug  mill.  With  inorganic  binders  or 
binders  made  of  a  number  of  different  materials,  it  was  found  neces- 
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sary  to  weigh  and  thoroughly  mix  the  coal  with  these  binders  before 
feeding  the  materials  to  the  machine.  This  practice  assured  a  defi- 
nite percentage  of  binding  material  to  the  quantity  of  coal  taken. 

In  order  to  obtain  a  greater  range  in  the  size  of  the  crushed  fuel  for 
the  briquets,  in  1905  a  series  of  pulleys  was  installed  on  the  driving  and 
driven  shafts  operating  the  disintegrator,  giving  approximately  80, 
65,  and  50  per  cent  of  its  original  speed.  By  these  improvements 
easier  and  more  continuous  operation  was  obtained. 

A  fire  occurred  in  the  latter  part  of  1905  and  destroyed  the  briquet- 
ting  plant  and  all  saniples  of  briquets  and  fuels  stored  in  it.  The  Eng- 
lish machine,  however,  was  not  seriously  damaged  by  the  fire,  but  in 
repairing  it  considerable  care  was  taken  to  strengthen  certain  parts,  to 
provide  better  lubrication  and  alignment,  and  to  replace  the  tight  and 
loose  pulleys  with  friction  clutches.  The  new  plant  was  first  operated 
in  May,  1906,  and  as  a  result  of  previous  experience  it  contained  some 
improvements  in  the  methods  of  crushing,  mixing,  and  conveying  the 
fuel,  and  of  preparing  the  fuel  and  binder  before  briquetting.  The 
new  auxiliary  equipment  for  the  two  machines  was  not  materially 
different  from  that  originally  belonging  to  the  English  machine. 

The  foundation  of  the  Stedman  disintegrator  was  built  up  level 
with  the  floor  so  as  to  be  more  accessible.  A  40-ton  storage  bin  was 
built  above  the  charging  floor  to  allow  coal  to  run  by  gravity  into  the 
hopper  scales  placed  on  this  floor.  A  pitch  cracker  was  so  placed 
beside  the  scales  that  pitch  from  it  and  coal  from  the  scales  could  pass 
uniformly  to  a  mixing  conveyor  directly  under  the  charging  floor  and 
be  discharged  into  the  disintegrator  on  the  floor  below. 

AMERICAN  MACHINE. 

In  operating  the  American  plant  the  coal  was  received  from  the 
Robins  conveyor  at  the  level  of  the  second  floor  in.  a  3-ton  bin.  The 
coal  was  drawn  from  the  bin  to  a  Fairbanks  platform  scales,  from 
which  it  passed  into  the  boot  of  an  elevator,  from  which  it  was  deliv- 
ered into  a  15^  cubic  foot  measuring  box. 

The  coal  was  then  dumped  into  a  Buffalo  mixer,  fitted  with  steam 
jackets.  The  buider  was  melted  in  a  small  steam-jacketed  tank  that 
was  entirely  distinct  from  the  main  part  of  the  machine.  From  the 
tank  it  was  dipped  by  hand  in  the  desired  proportion  and  poured  into 
the  mixer.  After  a  thorough  mixing  the  mass  was  dropped  into  the 
feed  slides  of  a  tangential  press.  This  press  consisted  of  two  pairs  of 
narrow-faced  rolls  (A,  PI.  II,  A  and  B),  in  the  tires  of  which  were 
ovoid  cup-shaped  molds.  As  these  rolls  revolved,  the  excess  material 
was  squeezed  out,  the  pressure  used  depending  upon  the  viscosity  of 
the  mixture  that  was  being  compressed.  The  5-ounce  eggettes  were 
delivered  from  under  the  press  to  a  short  rubber  belt  (B,  PI,  II,  B) . 
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J.    AMERICAN  BRIQUETTING  MACHINE  AT  ST.  LOUIS. 


B,    AMERICAN  BRIQUETTING  MACHINE  AT  WORK. 
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The  capacity  of  the  press  was  5  tons  per  hour,  but  the  output  of  the 
mixing  device  was  much  too  small  for  operating  the  press  at  this 
capacity.  The  press  had  one  advantage  over  the  larger  English  plant, 
inasmuch  bs  it  permitted  the  testing  of  mixtures  in  lots  as  small  as  15 
pounds,  these  small  quantities  being  thrown  directly  into  the  feed 
hopper  of  the  press.  In  making  the  small  tests  and  those  in  which  it 
was  desired  to  use  a  stiff  binder,  a  35-gallon  kettle  was  employed  for 
heating  the  mixture.  It  was  also  possible  to  test  on  the  American  mar 
chine  the  mixtures  used  in  the  English  machine  by  crushing  some 
of  the  hot  briquets  as  soon  as  they  were  received  from  the  molds  and 
transferring  them  at  once  to  the  feed  box  of  the  American  machine. 

RENFBOW   NO.    1   MACHINE. 

In  rebuilding  the  plant  at  St.  Louis  after  the  fire,  an  experimental 
briquetting  machine  of  the  plunger  type,  known  as  the  Renfrew  No. 
1  machine  (PI.  Ill),  was  installed.  The  main  difference  between  it 
and  the  English  machine  was  that  the  Renfrew  machine  made  briquets 
at  each  end  of  the  stroke  of  the  plunger.  By  this  design  the  briquets 
were  kept  under  compression  in  the  dies  twice  as  long  for  the  same 
output  as  they  were  in  machines  of  the  English  type.  The  same 
length  of  time  for  compression  being  assiuned,  however,  and  other 
conditions  being  equal,  the  Renfrew  machine  had  double  the  output 
of  other  plimger-type  machines.  The  period  of  compression  was 
determined  by  experience  and  fixed  the  speed  of  the  machine.  The 
longer  the  pressure  remained  on  the  warm  charge  the  greater  the 
cohesion  and  the  better  the  briquet. 

Twelve  briquets  were  made  on  the  Renfrow  machine  at  each  end 
of  the  stroke,  or  24  in  each  revolution.  At  12  revolutions  per  minute 
the  output  was  4  tons  per  hour.  The  pressure  obtainable  under  ordi- 
nary working  conditions  never  exceeded  1,000  pounds  per  square 
inch,  whereas  a  pressure  of  2,000  to  2,600  poimds  per  square  inch  is 
considered  necessary  to  make  satisfactory  briquets.  For  this  reason 
it  was  found  necessary  to  use  a  softer  pitch  and  a  greater  percentage 
of  binder  than  on  the  English  machine.  The  faidt  was  somewhat 
obviated  by  heating  with  steam  injected  directly  into  the  mixture. 

A  bucket  elevator  and  a  divided  chute  provided  with  a  gate  served 
to  convey  the  fuel  from  the  disintegrator  either  to  the  agglomerating 
cylinder  of  the  English  machine  or  to  the  storage  bin  above  and 
directly  behind  the  Renfrow  md,chine.  This  bin  contained  an  agi- 
tator to  prevent  the  fine  fuel  from  packing.  The  fuel  was  carried 
from  the  bin  to  the  hoppers  of  the  Renfrow  machine  by  belt  conveyors. 
Provision  was  made  for  the  use  of  either  liquid  or  hard  pitch  as  a 
binder  for  briquets  made  on  the  Renfrow  machine.  During  the  hot 
weather  considerable  difficulty  was  experienced  in  conveying  the 
finely  divided  and  thoroughly  mixed  coal  and  pitch  from  the  dis-Tp 
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integrator  to  the  Renfrow  machine.  This  difficulty  was  obviated 
by  introdudng  the  melted  hard  pitch  iQto  the  coal  as  it  entered  the 
hoppers  of  the  machine,  care  being  taken  to  keep  uniform  the  tem- 
perature and  rate  of  flow  of  the  pitch. 

The  necessity  of  maintaining  a  comparatively  large  force  of  labor- 
ers about  the  plant  for  careful  handUng  of  samples,  both  in  the  raw 
and  briquetted  form,  justified  the  use  of  more  labor  in  the  actual 
briquetting  operations  than  woidd  be  found  in  a  commercial  plant. 
The  thorough  cleaning  of  all  conveyors,  bins,  and  auxiliary  apparatus 
before  briquetting  each  sample  was  of  as  much  importance  for  com- 
parative results  as  the  actual  briquetting  of  the  fuel;  consequently 
no  attempt  was  made  to  develop  mechanical  means  for  doing  this 
work. 

The  briquets  made  by  the  Renfrow  No.  1  machine  were  biscuit 
shaped,  being  short  cylinders  about  3  inches  in  diameter  with  convex 
ends.  Their  extreme  length  varied  from  1^  to  3  inches  according 
to  the  fuel.  The  average  weight  of  the  briquet  made  by  this  machine 
was  8  ounces.  At  the  close  of  the  tests  at  St.  Louis,  in  March,  1907, 
the  machine  was  returned  to  its  owner. 

HAND  PBESS. 

The  experimental  laboratory  contained  a  small  hand  press  designed 
for  a  pressure  varying  from  0  to  5,000  pounds  per  square  inch.  The 
briquets  were  cylindrical,  one-half  inch  in  diameter,  and  could  be 
made  of  any  length  from  one-fourth  inch  to  IJ  inches.  The  results 
obtained  on  this  hand  press  were  verified  by  the  briquets  made  on 
the  large  machines,  the  formidas  for  the  mixtures  having  been  derived 
from  experiments  made  with  the  small  press.  This  press  should  not 
be  confused  with  the  hydraulic  hand  press  used  in  experiments  at 
Pittsburgh,  described  on  page  34. 

KOBFOLK  PLANT. 
OENEBAL  DESCRIPTION. 

The  equipment  of  the  United  States  Geological  Survey  briquetting 
plant  at  Norfolk  comprised  three  briquetting  machines;  heating  and 
mixing  apparatus;  storage  bins  for  the  raw  fuel;  crushers,  grinder, 
and  disintegrator  for  reducing  the  fuel  to  the  desired  fineness;  ma- 
chines for  crushing  or  ''cracking''  pitch;  scales;  and  the  necessary 
elevators  and  conveyors.  Most  of  the  equipment  had  been  used 
for  varying  periods  at  the  St.  Louis  plant,  but  of  the  three  machines 
installed  the  English  machine  was  the  only  one  that  had  been  used 
at  the  St.  Louis  plant.  The  machines  were  (a)  the  English  or 
Johnson  press;  {h)  the  Renfrow  No.  2  machine;  and  (c)  a  Schlick- 
eysen  i>eat  machine.  ^         j 
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The  general  plan  of  the  plant  is  shown  in  Plate  IV.  There  were 
two  25-ton  storage  bins  behind  the  English  machine  and  one  50-ton 
bin  behind  the  Renfrow  No.  2  machine.  The  fuel  was  d^vered 
from  the  pit  at  the  car  track  by  a  bucket  elevator  and  a  l&-inch 
belt  conveyor  to  the  storage  bins. 

Under  the  coal-storage  bins  and  behind  the  briquetting  presses 
was  the  "pitch-mixing  platform."  On  this  platform  were  scales, 
to  which  coal  coidd  be  drawn  from  the  storage  bins  and  weighed. 
Back  of  the  English  machine  were  other  scales  to  weigh  the  pitch 
used  as  a  binder.  The  Renfrow  No.  2  machine  had  an  adjustable 
mechanical  device  for  keeping  the  ratio  of  pitch  to  coal  constant, 
so  that  it  was  not  necessary  to  weigh  the  pitch  used  with  this  machine. 
A  30-inch  JeflFrey  belt  conveyor  33  feet  long  (Pis.  IV,  V,  A)  carried  the 
briquets  from  the  front  of  the  machines  to  the  outside  of  the  build- 
ing, and  a  24-inch  Robbins  belt  conveyor  65  feet  long  (Pis.  IV,  V,il) 
carried  the  briquets  from  the  first  conveyor  and  loaded  them  into  the 
ndlroad  cars.     Plate  V,  5,  shows  the  delivery  end  of  this  conveyor. 

ENGLISH   MACHINE. 

The  English  machine  was  the  same  that  was  erected  and  used  at 
the  St.  Louis  plant  at  the  time  of  the  Louisiana  Purchase  Exposi- 
tion. This  machine  is  described  on  pages  22  to  24  of  this  report.  As 
installed  at  Norfolk,  the  capacity  of  this  press  was  3.8  tons  per  hour. 

Tlie  position  of  the  English  machine  with  reference  to  the  Renfrow 
No.  2  machine  and  the  coal-grinding  equipment  at  the  Norfolk  plant 
is  shown  in  Plate  IV.  Plate  VI  gives  further  detaib  of  arrangement 
and  equipment. 

The  scales  back  of  the  English  machine  (Pis.  VI,  VH,  A)  were 
placed  about  6  inches  above  the  floor  to  allow  room  for  a  square 
wooden  plunger  sheathed  with  sheet  iron  (D,  PL  VI)  to  push  the 
weighed  fuel  into  a  hole  in  the  floor  in  front. 

Beneath  the  floor  was  a  horizontal  worm  conveyor  (E,  PL  VI) 
to  carry  the  fuel  and  pitch  from  the  scales  to  a  chute  leading  to 
the  Stedman  disintegrator  (F,  PL  VI  and  PL  VII,  B).  Suspended 
in  this  chute  was  a  powerful  electromagnet  intended  to  pick  up  any 
pieces  of  iron  or  steel  that  might  be  in  the  stream  of  material,  and 
to  prevent  them  from  causing  damage  to  the  disintegrator  or  the  press. 
The  two  sets  of  hammers  in  the  disintegrator  revolved  in  opposite 
directions  at  790  revolutions  per  minute.  This  disintegrator  stood 
on  a  concrete  foimdation,  and  its  base  was  2  feet  above  ground  level. 

In  front  of  the  disintegrator  a  pit  5  feet  deep,  3^  feet  wide,  and 
5  feet  long,  walled  in  and  floored  with  concrete,  was  provided  for 
the  boot  of  a  bucket  elevator  (H,  PL  VI).  The  elevator  lifted  the 
ground  fuel  and  pitch  to  a  point  above  and  back  of  the  briquetting 
machine,  whence  a  covered  wooden  chute  lined  with  sheet  iron 
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(I,  PI.  VI)  led  to  the  upper  mixing  cylinder  (J,  PI.  VI)  of  the 
machme  (Q,  PL  VI). 

At  the  base  of  the  upper  mixing  cylinder  steam  could  be  admitted 
through  several  openings.  Water  was  supplied  at  the  top  of  this 
cylinder  when  required.  Below  the  mixing  cylinder  was  the  feeding 
cylinder  (E,  PL  VI)  of  the  briquetting  press. 

To  conduct  a  briquetting  test  on  the  English  machine,  coal  was 
drawn  from  one  of  the  storage  bins,  weighed,  and  mixed  with  binder. 

After  the  fuel  and  the  binder  had  been  thoroughly  mixed  and 
properly  heated  the  mass  became  more  or  less  plastic,  according  to 
its  briquetting  qualities,  and  was  drawn  into  the  feed  box  through 
a  door  in  the  lower  part  of  the  cylinder.  From  the  feed  box  the 
mixture  was  forced  by  a  plunger  iato  the  molds  in  the  vertical  revolv- 
ing table  of  the  press.  The  plunger  speed  was  17  strokes  per  minute, 
1  stroke  for  each  revolution.  At  half  a  revolution  the  mass  in  the 
mold  was  pressed  by  a  system  of  levers  from  each  end,  the  maximum 
pressure  being  about  4,000  pounds  per  square  inch.  Two  briquets 
were  formed  at  each  stroke,  or  34  briquets  per  minute. 

The  finished  briquets  were  removed  from  the  machine  by  hand  and 
either  stacked  near  the  machine  or  placed  on  the  conveyor  in  front 
of  the  Renfrow  No.  2  machine  and  by  it  loaded  directly  into  a  car. 
They  were  rectangular,  with  rounded  comers,  6}  inches  long,  4} 
inches  wide,  and  2)  inches  thick.  Their  average  weight  was  about 
3|  poimds.  The  maximum  capacity  of  the  machine  was  about  30 
tons  per  8-hour  day. 

REKFROW   KG.    2   MACHINE. 

The  Renfrow  No.  2  machine  installed  at  Norfolk  was  an  improve- 
ment over  the  No.  1  machine,  as  defects  of  the  first  machine,  brought 
out  by  the  tests,  were  corrected.  The  new  machine  had  a  stronger 
frame  to  permit  the  use  of  heavier  pressure.  The  working  parts  not 
subjected  to  pressiu'e  were  of  bronze  to  prevent  corrosion;  the  dies, 
cams,  and  rollers  were  of  tool  steel.  Provision  was  made  in  the 
design  of  the  housing  for  the  removal  of  any  working  part  without 
dismantling  the  machine,  and  the  arrangement  of  the  die  plunger 
and  the  length  of  spring  behind  the  plunger  were  such  as  to  reduce 
to  a  minimum  the  chance  of  a  double  charge  entering  the  press  and 
to  prevent  damage  to  the  machine  if  one  did  enter. 

The  Renfrow  No.  2  briquets  were  cylindrical,  with  convex  ends. 
They  measured  3i  by  IJ  inches  and  weighed  11  ounces.  This 
machine  was  a  closed-mold  double-acting  plunger  machine,  forming  12 
briquets  at  the  end  of  each  stroke,  or  24  at  each  revolution.  Running 
at  9  revolutions,  or  18  strokes  per  minute,  the  capacity  of  the  machine 
was  about  8.9  tons  per  hour. 
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A.     PLANT  END  OF  CAR-LOADING  CONVEYOR.  SHOWING  END  OF  CROSS  CONVEYOR. 


B.     CAR-LOADING  CONVEYOR  FILLING  CAR  WITH  BRIQUETS. 
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A.     HOPPER  AND  SCALES  BACK  OF  ENGLISH  MACHINE. 


B,     STEDMAN  DISINTEGRATOR. 
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The  location  of  the  storage  bin,  mixing  platform,  coal  crusher,  con- 
veyor, the  pulleys  and  belting  that  drove  the  press,  and  the  various 
accessories  are  shown  in  Plate  VIII;  the  location  of  the  machine  with 
reference  to  the  English  machine  is  shown  in  Plate  IV. 

The  Kenfrow  No.  2  machine  equipment  included  a  50-ton  bin 
(H,  PL  VIII),  situated  above  and  behind  it;  hopper  scales  (I,  PL  VTII 
and  PL  IX,  A) ;  a  pitch  cracker  (L,  PL  VIII,  and  PL  IX,  A) ;  a  hopper 
with  adjustable  slides  in  the  bottom  at  the  coal  scales  (J,  PL  VIII) ; 
an  apron  conveyor  for  the  cracked  pitch  (M,  PL  VIII) ;  a  Williams  mill 
(K,  PL  Vin) ;  and  a  bucket  elevator  (N,  PL  VIII) .  The  machine  itself 
included  steam-jacketed  cylinders  (PPP,  PL  VIII)  for  heating  and 
mixing  the  fuel  and  binder;  worm  conveyors  for  fordng  the  mixture 
through  the  cylmders;  a  feed  box  (T,  PL  VIII);  a  die  filler  (U,  PL 
VIII) ;  a  conveyor  for  bringing  the  briquets  to  the  front  of  the  machine, 
and  a  double-acting  press  (R,  PL  VIII): 

For  a  test  on  the  Renfrew  machine  sufficient  fuel  to  fill  the  hopper 
on  the  scales  (PL  IX,  A)  was  drawn  from  the  storage  bin  and  weighed ; 
the  slide  at  the  bottom  of  the  scales  was  opened,  and  the  fuel  passed 
through  a  hole  in  the  floor  of  the  pitch  platform  into  a  hopper  over 
the  apron  conveyor.  A  sliding  door  on  the  side  of  the  hopper  could 
be  raised  or  lowered  to  vary  the  thickness  of  the  layer  of  fuel  on  the 
conveyor. 

Pitch  broken  by  hand  into  lumps  was  fed  into  the  pitch  cracker 
(PL  IX,  A).  The  apron  conveyor  under  the  pitch  hopper  discharged 
the  pitch  in  an  even  layer  upon  the  fuel  lying  on  the  fuel  conveyor 
below.  Plate  IX,  B,  shows  the  arrangement  of  these  conveyors.  The 
fuel  and  pitch  were  ground  in  the  Williams  tnill  and  elevated  to  the 
hopper  above  the  Renfrow  No.  2  machine.  The  screw  conveyors 
moved  the  material  flowing  from  the  hopper  through  the  three  pairs 
of  horizontal  steam-jacketed  drums,  in  which  the  fuel  and  binder  were 
suitably  heated  and  thoroughly  mixed.  The  briquet  mixture  then 
passed  to  the  press  box,  whence  plungers  forced  it  into  die  fillers. 
Then  the  briquets  were  formed  under  an  average  pressure  of  1,000 
pounds  per  square  inch.  The  briquets  were  discharged  from  the 
molds  on  the  return  stroke.  The  capacity  of  the  Renfrow  No.  2 
machine  was  71  tons  per  S-hour  day  when  making  18  strokes  per 
minute. 

SGHLICKEYSEN   PEAT   MACHINE. 

The  Schlickeysen  peat  machine  used  at  the  Norfolk  plant  for  experi- 
menting with  North  Carolina  peat  was  of  the  auger  type.  The  peat 
was  macerated  by  a  screw  or  worm  and  then  squeezed  through  a 
tapered  tube  in  a  continuous  stream;  briquets  of  the  proper  length 
were  cut  off  by  a  wire  cutter.  The  general  appearance  of  the  machine 
is  shown  in  Plate  I,  B  (p.  22).     In  addition  to  the  machine  itself. 
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the  equipment  consisted  of  a  scraper  conveyor  for  elevating  the  peat 
to  the  top  of  the  machine  and  a  number  of  wooden  shelves,  about  2  by 
4  feet  and  4  inches  high,  which  were  nailed  to  cleats  on  edge.  The 
shelves  received  the  briquets  direct  from  the  press  and  could  be  stored 
in  tiers  one  above  the  other  to  permit  drying. 

PITTSBT7BGH  PLANT. 
GENERAL  DESCRIPTION. 

At  the  experiment  station  of  the  Bureau  of  Mines  at  Rttsbui^h  a 
complete  lignite-briquetting  plant  is  installed  in  the  main  part  of  the 
briquetting  building.  The  equipment,,  which  was  furnished  by  the 
Maschinenfabrik  Buckau  Actien  Gesellschaft,  Magdebuig,  Germany, 
is  as  follows:  Tubular  drier,  sorting  sieve,  auxiliary  crushing  rolls, 
cooler,  screw  conveyor,  lai^  storage  hopper,  briquetting  press 
directly  connected  to  a  steam  engine,  apparatus  for  conveying 
briquets,  shafting,  hangers,  and  extra  sets  of  dies.  To  complete  the 
plant  the  United  States  Geological  Survey  erected  a  coal  elevatcx-, 
a  crushing  roll,  and  the  necessary  belting  and  piping,  in  addition  to 
the  building  and  stacks. 

The  English  machine  used  at  St.  Louis  and  Norfolk  for  briquetting 
anthracite  and  bituminous  slack  and  coke  breeze  was  set  up  in  the 
building,  but  no  provision  has  been  made  for  using  it  to  briquet  large 
quantities  of  fuels.  Work  at  this  plant  has  been  concentrated  on 
tests  of  lignite  with  the  German  machine. 

Briquetting  machines  at  Pittsburgh  and  their  equipment  are  housed 
in  a  steel-frame  building  inclosed  with  curtain  waUs  of  reinforced 
concrete  2  inches  thick.  The  steel  work  is  of  heavy  construction,  for 
it  has  to  carry  not  only  the  machinery  but  also,  on  the  third  floor,  a 
storage  room  to  hold  100  tons  of  coal  or  lignite.  Plate  X  illustrates 
the  general  appearance  of  the  building. 

OONVETOR  AND  CRUSHER. 

Two  60-ton  bins  for  storing  the  raw  lignite  were  built  near  the 
car  track  at  one  side  of  the  briquetting  building,  so  that  the  lignite 
could  be  shoveled  directly  into  them  from  the  box  cars  in  which  it  had 
been  shipped  from  the  mine.  A  bucket  elevator  (fig.  1)  of  the  link- 
belt  type  carries  the  raw  lignite  from  the  receiving  bin  to  the  third 
floor  of  the  building. 

The  corrugated  single-roll  crusher  (A,  figs.  1  and  2)  installed  on  the 
third  floor  was  expected  to  break  run-of-mine  lignite  into  pieces 
three-eighths  of  an  inch  in  diameter  or  smaller  at  one  operation.  The 
North  Dakota  lignite,  being  tough  and  woody,  was  especially  hard  to 
crush,  and  some  samples  had  to  be  run  through  the  crusher  several 
times.    The  tests  indicated  that  lignite  should  be  crushed  in  stages, 
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first  by  a  toothed  roll  and  then  by  a  smooth  or  corrugated  roll  or 
by  a  disintegrator.  In  Germany  three  sets  of  crushers  are  used  in 
lignite-briquetting  plants. 


DBIEB. 


The  Schulz  tubular  drier  (C,  figs.  1  and  2),  on  the  second  floor  of  the 
building,  is  similar  to  an  ordinary  multitubular  boiler,  22 ^  feet  long, 
7i  feet  in  diameter,  and  contains  195  tubes  of  3}  inches  inside  diame- 
ter, evenly  spaced  around  the  drum.     The  material  to  be  dried  passes 


Ooiatiim 


P  ■    ■    -   Ct  ■   .    .   .  ID  feet 
FiouKX  1.—Cro68aection  of  lignlte-biiquetting  plant. 

through  the  tubes,  which  have  a  drying  surface  of  4,310  square  feel. 
A  worm  gear  turns  the  drier  at  a  speed  of  5.2  revolutions  per  minute. 
A  6-inch  pipe  carries  the  exhaust  steam  from  the  engine  of  the 
briquetting  machine  to  the  drier,  the  steam  entering  the  latter 
through  the  upper  bearing.  During  the  tests  steam  pressures  of  3 
to  30  pounds  per  square  inch  are  used,  according  to  the  degree  of 
dryness  desired.  Live  steam  is  used  when  the  engine  is  not  run- 
ning. The  ground  lignite  is  fed  into  the  drier  tubes  by  a  chute 
(PI.  XI,  A)  from  the  roll  crusher. 
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The  lower  or  delivery  end  of  the  drier  is  connected  with  a  revolving 
screen  by  a  hopper  (D,  figs.  1  and  2,  and  PI.  XI,  B),  This  screen  has 
openings  of  two  sizes;  those  in  the  receiving  half  are  three-sixteenths 
mch  square,  and  those  in  the  other  half  are  three-eighths  inch  square. 
Material  larger  than  three-eighths  inch  is  discharged  from  the  end  of 
the  screen  through  a  waste  pipe. 

The  material  that  passes  the  -^inch  openings  falls  through  a  chute 
(F\  fig.  1)  into  the  cooler,  and  the  material  passing  the  three-eighths- 


FlGUBS  2.— Longttadinal  sectkni  of  llgnite'brtiiaettiiig  plant 

inch  screen  falls  on  a  pair  of  roUs,  is  crushed  to  a  fine  powder,  and 
then  goes  into  the  cooler  shown  at  F,  figure  1. 

COOLER. 

The  cooler  (G,  figs.  1  and  2,  and  PL  XII,  A)  has  four  circular  station- 
ary plates  13  feet  in  diameter,  arranged  one  above  the  other,  with 
raised  edges  and  closing  plates  to  keep  the  dust  from  escaping. 
Over  each  plate  four  radial  arms,  each  carrying  several  scrapers  set 
at  an  angle  of  45^  with  the  arms,  are  revolved  by  a  vertical  central 
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shaft.  The  material  is  scraped  from  the  outer  edge  of  the  upper 
plate  toward  the  center,  where  it  falls  through  holes  to  the  plate 
below;  another  set  of  scrapers  moves  it  to  the  outer  edge  of  that 
plate  and  another  set  of  holes.  Thus  it  reaches  the  bottom  plate, 
from  which  it  goes  to  a  worm  conveyor  (H,  fig.  2,  and  PL.  XII, 
A).  This  conveyor  elevates  the  cooled  material  to  the  second  floor, 
where  it  falls  through  chute  I  (fig.  2)  into  large  hopper  K  (fig.  2) 
over  the  German  press  L  (fig.  2). 

DUST   STACKS. 

The  dust  and  gases  from  drying  lignite  may  form  explosive  mix- 
tures with  air;  hence  stacks  (W  and  X,  fig.  2)  were  erected  over  the 
delivery  end  of  the  drier  to  carry  off  the  dust  and  gases,  as  shown 
by  the  arrows  in  figure  2.  An  explosion  door  is  placed  at  the  upper 
end  of  stack  W.  Most  of  the  dust  settles  in  the  down-coming  section 
of  stack  W  and  goes  to  hopper  D  through  a  chute.  A  spray  was  put 
in  stack  X  to  wash  out  any  dust  that  remained  in  the  gases  and  to 
condense  steam  and  other  vapors.  The  air  current  up  the  stacks 
tends  to  increase  the  capacity  of  the  drier. 

GEBMAN   MACHINE. 

The  German*  machine  (PI.  XIII)  was  designed  to  briquet  either  peat 
or  lignite  that  will  cohere  under  pressure  because  of  inherent  bitu- 
minous matter.  Attempts  to  use  a  similar  press  for  briquetting 
materials  containing  artificial  binder  will  probably  result  in  a  stalled 
machine  or  a  broken  stamp. 
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Frkjbs  3.— Vertical  sections  throagh  mold  box  of  Ugnite-briquetting  press;  dimensioxisare  in  millimeters 

(25.4  mm.=l  inch). 

The  machine  is  of  the  open-mold  type.  As  the  material  passes 
through  the  mold  it  is  reduced  in  volume,  because  the  opening  in  the 
deUvery  end  of  the  mold  is  smaller  than  the  one  in  the  receiving  end. 
This  difference  in  the  size  of  the  two  openings  is  shown  by  the  vertical 
sections  through  the  mold  given  in  figure  3.  In  the  following  para- 
graph the  letter  references  pertain  to  this  figure. 
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A  charge  enters  the  mold  at  C,  is  pressed  by  the  stamp  E  into  the 
end  of  the  mold  and  is  pushed  along  to  D,  the  end  of  the  travel  of 
the  stamp  E.  The  stamp  moves  back  and  then  presses  another 
charge  to  D.  The  first  charge  is  forced  along  under,  heavy  pceeaure 
in  the  direction  of  the  arrow  until  it  reaches  a;  as  it  passes  from  a 
to  &,  in  what  is  called  the  die  an^,  it  is  compressed  at  top  and 
bottom  by  the  reduction  in  height  of  the  mold.  From  ft  ihe  briquet 
is  forced  along  by  the  successive  charges  of  material  and  its  sides  are 
hardened  and  polished.  When  it  leaves  the  mold  at  F  the  briquet 
is  hot,  but  after  it  has  traveled  a  few  feet  in  a  trough  it  is  ready  for 
storage  or  loading  into  cars. 

The  briquets  made  by  the  German  press  have  flat  sides  and  rounded 
ends.  A  good  idea  of  their  appearance  may  be  obtained  by  referring 
to  Plate  XVI.  They  measure  approximately  6J  by  2i  by  1  inch  and 
weigh  about  1  poimd  apiece. 

ENGLISH  MACHINE. 

The  English  machine,  shown  in  Plate  XIV,  was  described  cm  pages 
27  to  2S.  This  machine  is  suited  for  briquetting  any  solid  fuel  with 
added  binder.  No  provision  was  made  for  experiments  with  this 
machine  during  the  fiscal  year  ending  June  30,  1909,  and  its  equip- 
ment was  not  completed. 

LABOBATOBT  HAND  PEB88. 

A  laboratoiy  hydraulic  press  (PL  XII,  J?),  operated  by  hand,  is 
used  for  preliminary  investigations.  It  contains  a  mold  3  inches  in 
diameter  and  9  inches  long,  aroimd  which  is  a  steam  jacket.  This 
press  is  adapted  for  tests  of  briquets  with  or  without  binding  material 
and  with  hot  or  cold  dies.  The  pressure  obtainable  with  the  3-inch 
mold  is  50  tons,  or  14,000  pounds  per  square  inch.  By  using  a  smaller 
mold  (2-inch)  a  pressure  of  32,000  poimds  per  square  inch  could  be 
obtained.  The  press  has  proved  very  useful  and  many  tests  were 
made  with  it,  but  as  the  tests  with  the  press  were  preliminary  a 
discussion  of  only  a  part  of  them  is  included  in  this  report. 

METHOD  OF  MAKING  TESTS  ON  GERMAN   PRESS. 

In  making  a  briquetting  test  about  3  tons  of  lignite  was  crushed, 
dried,  and  screened  by  the  apparatus  previously  described  for  each 
machine. 

In  each  test  the  raw  material  as  it  was  fed  into  the  drier  was 
sampled  for  chemical  analysis  and  determination  of  heating  value. 
The  dried  and  cooled  material  was  sampled  as  it  fell  into  the  hopper 
(K,  fig.  2)  and  its  temperature  and  moisture  content  were  determined. 
A  sample  of  the  briquets  was  taken  for  analysis  and  determination 
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of  heating  value.  Sizing  teste  of  the  raw  fuel  and  the  mixture  were 
also  made  from  time  to  time. 

The  tedts  on  the  Grennan  machine  described  in  this  bulletin  were 
made  without  the  use  of  any  artificial  binder^.  Those  lignites  that 
are  not  made  into  good  briquets  in  the  German  press  may,  perhaps, 
be  made  into  excellent  briquets  in  a  machine  adapted  to  working 
with  an  artificial  binder.  There  is  opportunity  for  further  experi- 
ments in  this  direction. 

Only  small  lots  of  lignite  could  be  tested  at  a  time,  because  the 
size  of  the  hopper  over  the  press  controlled  the  quantity  of  material 
dried.  Only  enough  material  was  fed  to  the  drier  to  fill  the  hopper. 
The  necessity  of  drying  small  lots  was  unfortunate,  as  about  6  tons 
of  material  could  be  put  through  in  the  time  needed  to  get  the  appa* 
ratus  warmed  to  working  temperature,  and  the  use  of  only  about  3  tons 
of  lignite  for  a  test  resulted  in  the  fir^t  part  of  each  lot  being  dried 
more  than  the  last  part. 

DIB  ANGLES   USED. 

The  "die  angle,"  or  "angle  of  dies,"  is  the  angle  to  which  one 
end  of  the  long  die  blocks  is  ground  to  decrease  the  sectional  area  of 
the  mold,  and  thus  compress  the  material  passing  through.  This 
angle  may  be  seen  by  referring  to  figure  3,  in  which  the  die  angle 
extends  from  a  to  I;  the  tangent  of  the  angle  may  be  found  with 
sufficient  accuracy  by  dividing  the  decrease  in  vertical  height  of  the 
mold  {a  minus  h)  by  the  length  of  the  part  ground  off.  As  the 
angular  measure  in  degrees  does  not  convey  such  exact  information 
as  do  the  dimensions  of  the  part  removed  by  grinding,  the  latter  are 
styled  the  "die  angle"  in  the  notes  on  the  tests.  In  the  tests  here 
reported  various  die  angles  were  used,  ranging  from  ^  to  ^,  as 
shown  in  the  following  table: 

DimtMiUms  of  die  angles  used. 
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PBESStTBES  USED. 

The  German  briquetting  press  was  built  to  give  a  working  pressure 
of  14^000  to  28;000  pounds  per  square  inch,  and  as  the  area  of  the 
face  of  a  briquet  was  15.55  square  inches,  the  total  pressure  developed 
by  the  machine  was  217,700  to  435,400  pounds.  The  pressure 
actually  used  in  the  different  tests  could  not  be  determined,  and  could 
be  approximated  only  when  the  material  stalled  the  machine,  the 
pressure  then  being  maximum. 

LADUBY  BBIQTTETTINa  PRESS. 

Through  the  courtesy  of  the  Indianapolis  Pressed  Fuel  Co.  the  use 
of  their  briquetting  plant  was  obtained  to  carry  out  some  tests  of 
California  lignite  without  binder  and  of  Philippine  lignite  with  binder 
at  a  time  when  the  plant  of  the  biureau  was  not  in  condition  to  make 
tests.  It  was  also  desirable  to  determine  whether  an  American- 
made  machine  would  give  as  satisfactory  results  as  foreign-made 
machines  for  briquetting  American  fuel.  The  Ladley  press  at  the 
above  company's  plant  is  of  the  rotary-plunger  type  and  has  two 
rows  of  molds,  54  molds  in  each  row,  arranged  in  tiie  heavy  rim  of 
a  wheel.  The  machine  exerts  a  pressure  of  5,000  to  6,000  pounds 
per  square  inch.  The  construction  of  the  press  is  shown  by  the 
views  in  Plate  XV. 

FUEIiS  TESTED. 

At  the  three  experiment  stations  various  fuels  from  different 
sections  of  the  United  States  have  been  subjected  to  briquetting 
tests.  The  following  table  indicates  the  kind  of  fuels  tested,  the 
localities  from  which  the  shipments  were  received,  the  name  of  the 
experiment  station  at  which  they  were  tested  for  briquetting  quali- 
ties, and  the  pages  of  this  bulletin  on  which  a  description  of  the  tests 
made  are  reported.  A  few  of  the  coals  were  used  only  in  tests  of 
binders,  as  reported  in  Bulletin  24.* 

a  Mills,  J.  E.,  Binders  for  coal  briqaets;  investigations  made  at  the  fuel-testing  plant,  St.  Louis,  Mo. 
Reprlnr  oiU.  S.  Geol.  Survey  Bull.  843. 
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BINDERS  USED. 

In  the  course  of  the  fuel-briquetting  investigations  of  the  fuel- 
testing  plants,  attention  was  of  necessity  given  to  binding  materials. 
With  very  few  exceptions  the  binder  tests  were  confined  to  primary 
binding  materials,  and  practically  no  attention  was  given  to  trials  of 
patented  binders.  Coal-tar  pitch  has  been  and  is  at  present  the 
binder  most  generally  used  in  this  country  and  in  foreign  countries. 

In  the  briquetting  experiments  at  the  three  fuel-testing  plants  a 
binder  called  water-gas  pitch  has  been  used  to  a  larger  extent  than  any 
other,  as  it  was  available  at  satisfactory  prices  and  in  sufficient  quanti- 
ties. This  binder  has  an  advantage  over  coal-tar  pitch  in  the  proportion 
of  free  carbon  present,  which  is  usually  less  than  10  per  cent,  whereas 
in  coal-tar  pitch  it  often  amounts  to  30  to  40  per  cent.  As  this  free 
carbon  or  carbon  dust  has  no  binding  quaUties  itself,  it  acts  merely 
as  a  diluent  of  the  pitch,  and  therefore  the  binder  that  possesses  the 
lower  proportion  of  free  carbon  should  have  the  greater  binding  power, 
other  factors  being  equal.  On  the  other  hand,  good  grades  of  coal- 
tar  pitch  may  possess  a  higher  percentage  of  the  heavier  distillates 
than  water-gas  pitches  and  thus  offset  the  disadvantage  of  a  high 
percentage  of  free  carbon. 

In  general,  it  may  be  said  that  the  best  grades  of  coal-tar  pitch  for 
fuel-briquetting  purposes  are  those  made  by  distilling  the  pitch  to 
such  a  point  that  some  of  the  anthracene  or  "green  oik"  remain  with 
the  hard  pitch  in  the  still  rather  than  by  distilUng  all  the  oil  and  then 
reducing  the  hard  pitch  with  the  naphthaline  or  creosote  oils,  as  is 
sometimes  done  in  preparing  "reduced"  pitches. 

The  quaUty  or  hardness  of  the  pitch  to  be  used  will  depend  on  the 
location  of  the  plant  and  the  time  of  year  at  which  the  pitch  is  to  be 
used.  Generally  speaking,  that  grade  of  pitch  known  as  medium 
hard  pitch  is  most  desirable  for  briquetting  fuels.  For  use  in  summer 
or  in  the  hotter  parts  of  the  country  in  the  winter  months,  a  harder 
pitch  should  be  used  than  in  the  vdnter  or  in  the  colder  parts  of  the 
country.      » 

There  are  two  general  methods  of  incorporating  pitch  binder  with 
fuel  to  prepare  a  mixture  for  briquetting.  The  most  general  method 
is  the  one  in  which  the  pitch  is  ground  and  mixed  with  the  fuel  and 
the  mixture  heated  by  steam  or  air  until  the  pitch  is  softened  suf- 
ficiently to  flow.  In  the  other  method,  the  pitch  is  melted  sepa- 
rately from  the  fuel  and  the  latter  is  heated  to  a  temperature  above 
the  melting  point  of  the  binder,  so  that  when  they  are  mixed  the  pitch 
is  easily  and  evenly  distributed  throughout  the  mass. 

Although  authorities  differ  as  to  the  best  manner  of  mixing  pitch 
binder  with  the  fuel,  the  bureau's  experiments  indicate  that  less  pitch  is 
required  if  it  is  not  melted  but  only  softened  sufficiently  to  be  '* tacky," 
and  the  particles  of  coal  are  made  to  adhere  by  the  particles  of  pitch 
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and  tlie  pressure  of  the  machine.  An  advantage  derived  from  not 
heating  the  mixture  too  hot  is  that  the  briquet;  when  leaving  the 
machine,  will  be  cold  enough  so  that  the  pitch  will  be  somewhat  hard; 
thus  giving  a  maximum  strength.  Otherwise  when  the  pressure  is 
reUeved  there  is  a  tendency  for  the  compressed  air  and  steam  in  the 
briquet  to  expand  and  cause  cracks  on  its  surface.  There  is  a  tem- 
perature for  each  grade  of  pitch  that  will  give  the  greatest  plasticity 
to  the  mixture  and  at  the  same  time  the  greatest  strength  to  the  fresh 
briquet.  With  some  types  of  equipment  the  mixture  of  fuel  and 
pitch  passes  through  a  spiral  cooling  conveyor  after  leaving  the  heater 
and  before  reaching  the  press,  and  with  tlm  arrangement  it  is  possible 
to  ''temper''  the  mixture  to  the  desired  consistency. 

If  pitch  be  melted  to  a  thin  liquid  some  of  it  will  be  absorbed  by  the 
coal  particles,  and  although  this  result  might  be  desirable  when  briquet- 
ting  a  fuel  hke  lignite,  it  ia  not  necessary  and  is  therefore  a  waste  of 
material  in  the  case  of  anthracite  and  bituminous  coals.  The  use  of 
more  pitch  binder  than  ia  absolutely  necessary  to  stick  the  particles 
together  increases  the  cost  of  briquetting  and  adds  to  the  smoke- 
producing  qualities  of  the  briquets. 

Wherever  possible  it  is  best  to  mix  the  larger  pieces  of  pitch  and 
coal  and  pass  them  through  the  fine  grinder  together.  By  this  treat- 
naent  a  more  intimate  mixture  is  obtained  than  if  each  is  ground  sep- 
arately and  mixed  afterwards.  It  is  much  easier  (especially  in  warm 
weather)  to  grind  the  pitch  in  mixture  with  the  coal  than  by  itself. 

The  tests  applied  to  binding  materials  changed  as  the  work  pro- 
gressed, so  that  the  earUer  tests  were  not  made  along  the  same  lines  as 
the  later  ones.  Therefore  the  results  of  all  of  the  tests  of  binders  can 
not  be  included  in  one  table.  A  description^  of  the  binder  tests 
made  in  the  first  part  of  the  work  at  St.  Louis  is  given  here  and  the 
tabulated  data  of  the  later  tests  are  given  elsewhere. 

BINDEBS  USED  IN  EABLIEB  TESTS  AT  ST.  LOUIS. 

It  was  found  that  one  binder  would  give  good  results  with  one 
coal  but  could  not  be  used  with  other  coals.  On  account  of  the 
situation  of  the  coal  districts  it  is  often  necessary,  for  commercial 
reasons,  to  substitute  another  binder  for  one  that  under  laboratory 
conditions  would  give  good  results.  An  attempt  was  made  not 
only  to  obtain  a  binder  with  which  the  coal  could  be  briquetted, 
but  to  devise  a  binder  that  would  make  briquetting  commercially 
possible.  The  greatest  difficulty  was  experienced  with  the  various 
grades  of  lignite,  most  deposits  of  which  are  too  remote  from  sup- 
plies of  available  binder  to  make  it  possible  to  utilize  certain  ma- 
terials for  binding  purposes  that  would  otherwise  give  satisfactory 
results. 

a  Taken  from  Pratt,  J.  H.,  Briquetting  tests:  U.  S.  Geol.  Survey  Prof.  Paper  48  (pt.  3),  1906,  pp. 


44  FtTEL-BMQTTBTTllTG  INVESTIGATIONS. 

The  materials  that  have  been  tried  as  binders  in  the  laboratory 
experiments  and  in  the  two  briquetting  machines  include  the  fol- 
lowing: Pitch  of  various  grades,  creosote,  asphalt  (hard  and  soft, 
crude  and  refined),  asphaltic  pitch,  petroleum  (both  of  paraffin  and 
asphalt  bases),  molasses,  lime,  and  clay. 

Pitch  is  the  residue  left  from  the  distillation  of  tar  that  is  obtained 
(1)  from  by-product  coke  ovens,  (2)  from  iUuminating-gas  plants, 
(3)  from  producer-gas  plants,  (4)  from  Pintsch-gas  plants,  (5)  from 
water-gas  plants,  and  (6)  from  petroleum-gas  plants.  Pitches  made 
from  the  first  three  varieties  of  tar  were  tested  and  gav^e  equally 
good  satisfaction  when  approximately  of  the  same  composition. 
Petroleum-gas  tar  gave  the  best  results. 

There  is  considerable  variation  in  the  tars  obtained  by  the  various 
processes  mentioned  above,  the  pitch  obtained  from  different  batches 
of  the  same  tar  often  varying  greatly  even  when  distilled  to  the 
same  final  temperature.  In  order  to  obtain  a  uniform  grade  of 
pitch  it  is  necessary  to  keep  the  fire  at  approximately  the  same 
mtensity,  and  it  is  usually  considered  advantageous  to  use  the  same 
still  for  the  same  tar.  Tar  obtained  from  by-product  coke  ovens 
differs  in  quality  from  tar  made  at  illuminating-gas  works,  probably 
because  the  condensers  of  the  former  are  kept  at  a  temperature  so 
high  that  the  available  benzole  does  not  enter  the  tar,  but  is  removed 
separately.  It  usually  contains  much  more  fixed  carbon  than  that 
obtained  from  gas-house  tars.  It  also  contains  more  water  than 
the  other  tars. 

Pintsch-gas  tar  is  obtained  as  a  thin  emulsion  in  water,  from 
which  it  can  be  separated  only  by  long  standing  in  a  tank  at  a  tem- 
perature just  below  212°  F.  The  tar  is  composed  largely  of  naph- 
thalene and  benzine. 

The  entire  output  of  tar  from  many  illuminating-gas  and  by- 
product coke  plants  is  now  purchased  by  pitch  manufacturers.  The 
price  of  coal-gas  tar  varies  considerably,  reaching  at  times  3  cents 
per  gallon.  The  price  of  illuminating-gas  tar,  guaranteed  to  con- 
tain less  than  10  per  cent  moisture,  is  6  cents  per  gallon.  An  aver- 
age sample  of  this  tar  contains  5.25  per  cent  of  water,  gives  14,172 
British  thermal  units,  and  has  a  specific  gravity  of  1.21.  Water-gas 
tar  is  sold  at  4  cents  per  gallon,  averages  6.75  per  cent  of  water,  and 
gives  15,325  British  thermal  units.  Its  specific  gravity  is  1.12.  At 
present  there  is  no  market  for  Pintsch-^as  tar,  which  has  always 
been  sold  cheaper  than  water-gas  tar.  When  dried,  this  tar  con- 
tains 4  per  cent  of  water,  gives  12,304  British  thermal  units,  and  has 
a  specific  gravity  of  1.18. 

The  pitches  submitted  to  the  plant  for  the  experimental  work 
varied  considerably.  The  first  pitch  received  was  from  the  St. 
Louis  works  of  the  Barrett  Manufacturing  Co.     The  pitch  was  too 
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hard  and  would  not  soften  at  a  temperature  low  enough  to  be  used 
satisfactorily  in  either  the  English  or  the  American  machine.  The 
pitch  did  not  contain  a  sufficient  proportion  of  the  creosote  oils  to  give 
it  the  required  binding  quaUties.  Throughout  this  report  this  pitch  is 
designated  as  pitch  A.  The  second  lot  of  pitch  was  received  from 
the  Chatfield  Manufacturing  Co.,  of  Carthage,  Ohio,  and  was  some- 
what harder  than  pitch  A,  indicating  that  a  still  greater  percentile 
of  the  creosote  and  lighter  oils  had  been  driven  off.  This  pitch  is 
designated  throughout  this  report  as  pitch  X.  Although  these 
pitches  would  make  briquets,  it  was  necessary  to  use  13  to  18  per 
cent  of  them,  whereas  only  6  to  9  per  cent  of  pitch  containing  the 
proper  amount  of  light  oils  would  be  required  with  the  same  coals. 

In  order  to  obtain  a  pitch  that  would  be  satisfactory,  some  of  the 
best  tar  from  the  producer-gas  plant  was  heated  imtil  all  the  water 
was  expeUed.  The  boiling  was  continued  imtil  the  residue  became 
brittle  when  dropped  into  water  having  a  temperature  of  55®  F. 
After  bucking  down,  this  pitch  stuck  together  on  standing  one  week 
in  the  laboratory.  It  is  designated  throughout  this  report  as  pitch  Z. 
A  long  series  of  tests  was  then  made  with  this  pitch  and  various 
coals,  and  6  per  cent  of  it  was  found  to  make  better  briquets  than  13 
per  cent  of  pitch  X. 

In  order  to  demonstrate  further  that  the  right  quality  of  pitch 
required  a  higher  percentage  of  the  creosote  or  adhesive  oils  than 
pitches  A  or  X,  experiments  were  made  with  hard  pitch  A  and  water- 
free  producer-gas  tar.  These  were  combined  in  various  proportions 
until  a  product  was  obtained  that  became  brittle  when  dropped  into 
water  at  65**  F.  A  sufficient  quantity  of  this  product  to  briquet  2 
tons  of  coal  was  made,  and  it  was  foimd  to  give  the  results  desired. 
This  pitch  will  soften  when  held  in  the  mouth;  when  first  bitten  it 
cracks  and  crumbles  like  spruce  gum,  but  almost  inmiediately 
becomes  plastic  and  can  be  chewed  like  ordinary  gum.  This  simple 
test,  in  nearly  all  cases,  will  determine  whether  a  pitch  is  of  the 
proper  quality  for  use  in  briquetting.  This  pitch  is  designated  through- 
out this  report  as  pitch  Y.  Samples  were  sent  to  the  Barrett  Manufac- 
turing Co.  and  the  Chatfield  Manufacturing  Co.  for  duplication  in 
quantity.  The  pitches  received  later  from  the  Barrett  Manufacturing 
Co.  are  designated  in  this  report  as  pitches  B,  C,  and  D.  Those 
received  from  the  Chatfield  Manufacturing  Co.  are  known  as  pitches 
E,  F,  and  G. 

Another  pitch  that  was  furnished  by  the  Barrett  Manufacturing 
Co.  was  obtained  as  a  by-product  from  the  manufacture  of  gas  from 
heavy  petroleum.  When  hot  this  pitch  has  a  marked  odor  of  kero- 
sene. It  is  lustrous  and  works  well  on  a  cool  day,  but  is  a  little  too 
soft  in  ordinary  weather  for  experiments  on  the  English  machine. 
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This  pitch  is  designated  as  pitch  H  throughout  this  report.  Analyses 
of  these  pitches  were  made  by  E.  E.  Somermeier,  with  the  following 
results: 

Proximate  analyses  of  pitches. 


Kind  of 
pitch. 

Laboratory 
No. 

Moi8tiu«. 

Volatile 
matter. 

Fixed 
carbon. 

Ash. 

Sulphur. 

Percent. 

Percent. 

Percent. 

Per  cent. 

PercenL 

A 

1161 

0.47 

47.93 

50.79 

0.81 

aO.62 

B 

1311 

1.14 

49.66 

47.88 

1.32 

.70 

c 

1391 

.88 

62.75 

35.84 

.53 

.67 

D 

1465 

1.45 

54.05 

43.91 

.59 

a.  56 

E 

1404 

1.02 

54.11 

44.04 

.83 

a.  66 

F 

1457 

.57 

52.98 

45.31 

1.14 

a.  80 

0 

1463 

.60 

62.53 

45.62 

1.25 

•.70 

H 
X 

1555 
1125 

1.04 
.33 

61.44 
59.07 

36.72 
39.44 

.80 
1.16 

.88 

a  Approximately  determined. 
Ultimate  analyses  of  pitches. 


Kind  of 
pitch. 

Labora- 
tory No. 

Hydro- 
gen. 

Carbon. 

Nitro- 
gen. 

Oxygen. 

Solphur. 

Calorific 
▼ahie. 

A 

B 
C 
D 
E 
F 
0 
X 

1161 
1311 
1391 
1466 
1464 
1457 
1453 
1125 

Percent. 
4.17 
3.97 
4.72 
4.28 
4.22 
4.16 
4.06 
4.66 

Percent. 
91.30 
90.89 
91.16 
91.57 
91.30 
91.50 
90.82 
90.34 

Percent. 
0.85 
1.05 
1.16 
1.10 
1.00 
1.00 
1.01 
.99 

Percent. 
2.25 
2.07 
L85 
1.90 
1.99 
L40 
2.16 
2.07 

Percent. 
aO.62 

8,937 

.58 
.56 
.66 
.80 
.70 
.88 

8,820 

a  Determined  by  Bschka  method. 

Although  no  definite  conclusions  can  be  drawn  from  these  analyses, 
yet  of  the  pitches  distilled  from  the  same  tar,  under  like  conditions, 
those  with  the  highest  percentage  of  volatile  matter  gave  the  best 
results  in  briquettiog.  Pitches  E,  F,  and  G,  furnished  by  the  Chat- 
field  Manufacturing  Co.,  made  from  the  same  tar  and  distilled  under 
approximately  the  same  conditions,  showed  binding  power  that 
increased  from  G  to  E  according  to  the  increase  in  the  percentage  of 
volatile  matter  and  the  decrease  in  the  percentage  of  fixed  carbon. 
Pitch  B;  which  was  made  imder  entirely  different  conditions  and  from 
a  different  tar,  is  much  lower  in  volatile  matter  and  higher  in  fixed 
carbon  than  E,  yet  makes  a  better  pitch  for  briquettlng  than  either 
E,  F,  or  G. 

In  order  to  obtain  a  more  definite  estimate  of  the  influence  of  the 
composition  of  pitches  on  their  binding  qualities  and  their  value  in 
briquetting,  a  series  of  tests  was  made  by  distilling  their  volatile  con- 
tents.   The  results  are  given  in  the  following  table: 
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Kind  of 
pitch. 

Labora- 
tory 

No. 

Quantity 

of  pitch 

used. 

Tempera- 
ture at 
which 

first  drop 
came  over. 

Tempera- 
ture at 
whloh  the 
last  of  the 
oH  was  ob- 
served to 
come  off. 

Per- 
centage 
of  oil. 

Final 
tempera- 
ture to 
which 
still  was 
raised. 

Reftidue. 

A 
B 
D 
E 
G 
X 

1311 
1465 
1464 
1453 
1125 

Orama. 
200 
200 
200 
200 
200 
200 

380 
351 
332 
350 
324 
391 

op 

385 

375 
370 
382 

1.36 

7.38 

13.01 

1.91 

.96 

.71 

400 
400 
400 
400 
400 
400 

Hard  coke. 
Do. 
Do. 
Do. 
Do. 
Do. 

The  total  percentage  of  oils  given  off  during  the  distillation  was 
determined  with  sufficient  accuracy  for  comparatiye  purposes.  It 
will  be  seen  from  the  above  table  that  there  is  a  decided  increase  in 
the  percentage  of  oils  in  the  pitches  that  gave  the  best  results. 
Pitch  X,  which  was  the  hardest  pitch  tested  and  gave  the  least 
satisfaction;  contains  only  0.71  per  cent  of  volatile  oil,  whereas  pitch 

D,  which  was  the  most  satisfactory  of  those  given  above,  contained 
13.01  per  cent  of  oils.  Pitches  A  and  E,  made  by  different  com- 
panies but  very  much  alike  and  of  about  the  same  grade,  were  not 
good  pitches  for  briquetting.     Pitch  G  was  harder  than  either  A  or 

E,  and  little,  if  any,  better  than  pitch  X.  Pitch  B,  which  was  one  of 
the  better  ones  used,  approaching  D  in  quaUty,  contained  7.38  per 
cent  of  volatile  oils.  The  experiments  have  shown  that  from  7i  to 
14  per  cent  of  these  oils  is  necessary  in  the  pitches  in  order  to  give 
them  the  binding  qualities  desired  in  briquetting.  Pitches  with  a 
higher  percentage  of  these  oils  are  too  soft  and  can  not  be  used  to 
advantage.  Again,  the  oils  driven  off  at  315®  F.  and  lower  tem- 
peratures are  the  creosote  oils,  for  which  there  is  a  large  demand. 
They  command  a  price  of  5}  to  6  cents  per  gallon,  or  about  $15  per 
ton.  Creosote  was  mixed  with  some  of  the  hard  pitches  for  binding 
purposes,  and  the  product  gave  satisfactory  results. 

ROSIN. 

The  cheaper  grades  of  rosin  can  be  used  for  binding  purposes  to  as 
good  advantage  as  the  refined  material.  Rosin  may,  in  some  cases, 
be  used  to  advantage  for  hardening  as  well  as  for  binding  purposes. 
It  has  been  used  with  lime  and  pitch,  and  good  briquets  were  made 
with  this  combination.  It  was  found  that  a  better  quaUty  of 
briquets  could  be  made  with  a  smaller  percentage  of  a  mixture  of 
rosin  and  pitch  as  a  binder  than  with  pitch  alone.  In  burning,  there 
is  little  or  no  odor  from  the  rosin,  although  there  is  some  tendency  to 
smoke.  Lime  was  used  with  the  rosin  to  prevent,  if  possible,  the 
smoking  of  the  rosin  briquets.** 


a  The  present  price  of  rosin,  which  approximates  130  a  ton,  indicates  that  it 
or  bindiiig  purposes. 
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asfha.lt. 

Refined  California  asphaltum  of  grade  B  was  used  in  the  experi- 
mental work,  and  is  designated  throughout  this  report  as  asphalt  Bl. 
Another  asphalt  product  used  had  a  rubbery  consistency  and  is  known 
as  "kopak ''  No.  30.  It  is  manufactured  by  the  Raven  Mining  Co.,  of 
Texas,  and  is  designated  in  this  report  as  asphalt  B2.  An  asphaltic 
pitch  made  by  the  Waters-Pierce  Oil  Co.  at  one  of  its  Texas  plants 
was  also  used  and  is  designated  as  asphalt  B3.  Crude  asphalt  from 
Indian  Territory  (Oklahoma)  is  designated  B4.  The  last-mentioned 
asphalt  is  altogether  too  hard,  approaching  a  coke  and  containing 
only  a  small  percentage  of  volatile  matter.  A  soft  asphalt  was 
received  from  the  Gulf  Refining  Co.,  of  Port  Arthur,  Tex.,  and  is 
designated  throughout  this  report  as  asphalt  B5.  An  analysis  of  this 
asphalt  by  E.  E.  Somermeier  was  as  foUows: 

Analysis  of  soft  asphalt  (B5)Jrom  the  Gulf  Refining  Co. 

Forosnt. 

Moisture 0.00 

Volatile  matter SO.  75 

Fixed  carbon 19. 25 

Aflh 00 

Total 100.00 

Another  soft  asphalt  was  furnished  by  John  McNeil,  Casper,  Wyo., 
and  is  known  throughout  this  report  as  asphalt  B6.  It  was  a  soft, 
tough  asphalt,  which  on  cooling  to  about  40®  F.  became  brittle.  An 
analysis  by  E.  E.  Somermeier  gave  the  following  results: 

Analysis  of  asphalt  {B6)Jrom  Casper^  Wyo. 

Percent. 

Moisture 0. 48 

Volatile  matter 78.  77 

Fixed  carbon 20.  76 

Aflh 00 

Total 100.00 

PETROLEUM. 

Petroleums  of  both  paraffin  and  asphaltum  bases  may  sometimes  be 
used  to  advantage  in  briquetting.  On  account  of  lack  of  time,  little 
experimental  work  was  done  with  the  petroleums.  Those  that  were 
used  were  crude  oil  from  Spindletop,  Tex.,  produced  by  the  Gulf 
Refining  Co.,  and  a  petroleum,  also  from  the  Beaumont  district ,  pro- 
duced by  the  Great  Southern  Refining  Ck).  The  latter  had  a  gravity 
of  15®  B.,  with  a  flash  test  of  505  and  fire  test  of  570.  The  two  petro- 
lexuns  mentioned  are  designated  Pi  and  P2  throughout  this  report. 
The  only  other  oil  that  was  tested  in  briquetting  was  a  Kansas  crude 
oil,  which  is  designated  throughout  this  report  as  P3^ 
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MOLASSES. 

A  few  experiments  were  made  with  molasses  in  order  to  determine 
the  possibility  of  utilizing  waste  products  from  cane  and  beet  sugar 
refineries  in  briquetting  lignite  and  lignite  coals  that  occur  in  the 
vicinity  of  the  refineries.  Although  no  positive  results  have  been 
obtained  with  such  waste  products  as  a  binder,  the  work  has  shown 
the  probability  that  they  can  be  so  utilized. 

LIME. 

Lome  was  used  in  combination  with  both  rosin  and  molasses  and 
some  encouraging  results  were  obtained.  With  rosin  the  lime  was 
used  principally  to  prevent  smoking.  One  of  the  main  objections  to 
using  more  than  a  small  proportion  of  lime  is  the  fact  that  it  increases 
the  percentage  of  ash  in  the  fuel  without  raising  its  heating  efficiency. 
On  the  other  hand,  it  is  one  of  the  cheapest  binders  and  may  be 
obtained  at  places  easily  accessible  to  most  of  the  coal  districts. 

CLAY. 

A  few  experiments  were  made  with  clay  in  combination  with  other 
compounds  in  an  attempt  to  obtain  a  suitable  binder  for  lignite  coals, 
but  without  success. 

LABOBATOBY  EZPEBIMENT8  AT  ST.  LOUIS. 

In  testing  the  value  of  the  various  binders  for  the  briquetting  of 
coal,  a  series  of  experiments  with  each  was  made  in  the  laboratory  by 
briquetting  the  mixtures  on  a  hand  press.  Each  mixture  of  coal  and 
binder  was  heated  in  a  glass  assay  crucible  over  a  Bunsen  burner. 
In  most  cases  it  was  heated  only  to  about  212°  F.,  but  when  the 
binder  was  softened  with  difficulty  the  temperature  was  increased. 
Until  the  regular  hand  press  was  completed,  the  experiments  were 
made  on  a  screw  press  with  a  steel  mold  about  three-eighths  of  an 
inch  in  diameter. 

The  various  coals,  after  they  had  been  heated  with  the  different 
binders,  were  tested  in  the  press,  with  varying  pressures  on  the  same 
mixtures.  Thus,  for  each  mixture  there  was  a  series  of  six  briquets 
made,  representing,  respectively,  a  light  pressure,  a  moderate  pres- 
sure, a  pressure  of  2,500  pounds,  a  pressure  of  4,000  pounds,  and  the 
maximum  pressure  of  about  5,000  pounds.  The  quantity  of  mixture 
fed  into  the  mold  was  also  varied,  so  that  some  of  the  briquets  made 
were  only  one-fourth  of  an  inch  long,  whereas  others  were  an  inch 
long.  All  the  briquets  made  with  a  particular  mixture  gave  prac- 
tically identical  results  with  the  same  length  of  briquet,  and  there 
was  usually  only  slight  variation  with  briquets  made  under  different 
pressures. 
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PrrOH  TESTS. 

OBNEBAL  RBSUI/rS. 

Special  experiments  were  made  with  the  diflferent  pitches.  A,  B, 
etc.,  and  if  there  was  considerable  variation  in  their  composition 
more  complete  experiments  were  made.  All  of  the  pitches  mix  with 
gas  tars  and  creosote,  making  a  product  that  resembles  the  softer 
pitches.  They  also  mix  with  rosin  in  any  proportion,  giving  a  mass 
having  the  expected  intermediate  properties.  They  will  not  mix 
with  any  of  the  Kansas  or  Texas  crude  oils  or  the  refined  Texas 
petroleum  (P2),  or  with  Indian  Territory  (Oklahoma)  asphalt 
(B4)^  California  asphalt  (Bl),  Texas  asphalt  (B2),  asphaltic  pitch 
(B3),  or  soft  asphalt  (B5).  Experiments  showed  that  rosin  and  oil 
would  mix  in  all  proportions,  and  such  mixed  masses  of  rosin  and  oil 
were  tried  in  combination  with  the  pitches,  but  on  adding  the  pitch 
to  this  combined  oil  and  rosin  the  oil  was  liberated  and  the  resultant 
mass  was  granular  and  greasy,  without  any  strength  whatever. 
Another  experiment  showed  that  crude  oil  would  neutralize  the  effect 
of  clay  in  a  coal,  and  although  it  was  hoped  that  a  combination  of 
oil  and  pitch  tnight  be  used,  it  was  found  that  the  crude-oil  products 
would  not  mix  with  any  of  the  tar  pitches,  and  thus  no  positive  results 
could  be  obtained  by  such  combination. 

The  experiments  made  with  pitch  as  a  binder,  when  heated  to  212° 
F.,  indicate  that  the  results  are  better  when  there  is  a  slight  quantity 
of  steam  present.  When  coal  and  pitch,  mixed  with  a  smaU  quantity 
of  water,  were  heated  in  a  clay  crucible  until  steam  began  to  come  off 
freely  and  were  then  pressed,  much  better  results  were  obtained  than 
when  the  two  were  heated  dry  to  the  same  temperature,  or  when  the 
wet  mixture  was  heated  until  all  the  water  had  been  evaporated. 

TXSTS  OF  PITOH  A. 

Experiments  were  made  in  the  laboratory  with  pitch  A  to 
determine  its  binding  qualities.  Nine  per  cent  of  this  pitch  was 
mixed  with  Arkansas  No.  Icoal  and  squeezed  to  the  limit  of  the 
screw  press.  The  warm  mixture  yielded  a  highly  polished  cylindrical 
briquet,  which,  after  remaining  in  a  beaker  of  boiling  water  for  two 
hours,  showed  no  noticeable  softening.  This  same  mixture  was 
further  heated  until  the  pitch  began  to  smoke  and  was  then  put 
through  the  screw  press.  The  resulting  briquet  was  smooth  and 
clean. 

Seven  per  cent  of  pitch  A  with  Arkansas  No.  4  coal,  when  heat^ 
in  an  assay  crucible  and  run  through  the  hand  press,  made  a  fair 
briquet  which  burned  well.  Six  per  cent  of  this  same  pitch  with 
Arkansas  No.  6  coal,  heated  in  the  same  way  and  with  the  maximum 
pressure  of  the  hand  press,  made  a  crumbly  briquet.    Alabama  No.  1 
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coal  was  also  tested  with  pitch  A,  the  coal  having  been  previously 
crushed  to  pass  a  60-mesh  sieve.  With  7  per  cent  of  pitch  A,  when 
the  mixture  was  heated  so  as  nearly  to  bum  the  fingers,  the  resultant 
briquets  were  just  beginning  to  cohere.  With  9  per  cent  it  made  a 
well-pressed,  coherent,  but  rough  briquet.  With  11 J  per  cent  the 
briquets  were  little  or  no  better,  except  that  they  were  somewhat 
cleaner.  With  20  per  cent,  when  the  mixtiu'e  was  only  warm,  but 
with  a  maximum  pressure,  the  resultant  briquet  was  good.  All 
these  briquets  were,  however,  dirty. 

The  above  experiments  show  that  the  best  practical  results  with 
this  hard  pitch  were  obtained  by  using  9  per  cent  of  it  with  a  coal 
easily  briquetted;  with  other  coals  the  percentage  should  be  much 
higher. 

Pitch  A  was  further  tested  with  rosin,  but  no  satisfactory  results 
were  obtained  with  pitch  A  and  rosin. 

TESTS  or  FITCH  B. 

Pitch  B  was  tested  with  West  Virginia  coking  coal.  With  3  per 
cent  of  pitch  B  a  fair  briquet  was  obtained.  With  4  per  cent  the 
resulting  briquet  was  a  little  better,  and  with  5  per  cent  a  good 
briquet  was  made  which  had  the  desired  lustrous  fracture.  With 
Arkansas  No.  4  coal  6  per  cent  of  this  pitch  was  needed  to  give  the 
desired  results,  and  as  this  coal  represents  more  nearly  the  character 
of  the  coals  to  be  briquetted,  6  per  cent  was  accepted  as  the  per- 
centage required  of  this  and  the  similar  pitches  C  and  D  to  make  a 
good  briquet.  A  series  of  experiments  was  also  made  with  this 
pitch  and  lime.  The  experiments  indicated  that  there  is  no  advan- 
tage in  using  lime  with  pitch  in  an  attempt  to  reduce  the  percentage 
of  pitch.  If,  however,  some  third  substance  that  will  react  with  the 
lime  can  be  used  it  may  be  possible  thus  to  prqduce  a  binder  that 
wUl  be  cheaper  than  pitch  alone  and  quite  as  satisfactory. 

TESTS  OF  PITCHES  G  AND  D. 

Pitches  C  and  D,  which  are  simUar  to  pitch  B,  were  used  with  the 
formulas  derived  for  B,  and  in  nearly  all  cases  the  runs  made  on  the 
Ekiglish  and  American  machines  were  satisfactory. 

TESTS  OF  PITCH  E. 

Pitch  E,  which  melts  at  180°  F.,  is  a  trifle  too  hard  for  satisfactory 
briquetting  on  the  English  machine  and  is  not  equal  to  pitches  B, 
C,  or  D.  Six,  7, 8,  and  9  per  cent  of  this  pitch  were  tested  alone  on 
Illinois  No.  4  coal.  With  6  per  cent  the  briquet  was  noncoherent; 
with  9  per  cent  an  excellent  briquet  was  made.  With  Arkansas 
No.  5  coal,  which  makes  an  excellent  briquet  with  6  per  cent  of  pitch 
B,  8  per  cent  of  pitch  E  was  necessary  to  obtain  a  corresponding 
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Another  series  of  experiments  with  pitch  E  was  made  with  Ken- 
tucky No.  2  coal.  The  coal  was  crushed  so  that  half  would  pass 
through  a  20-mesh  sieve  and  half  through  a  10-mesh  sieve.  With 
7  per  cent  of  pitch  E  a  briquet  was  obtained  that  was  just  coherent; 
with  8  per  cent  the  briquet  was  nearly  satisfactory;  but  with  9  per 
cent  an  excellent  briquet  was  obtained,  similar  to  those  made  with 
the  Illinois  No.  4  coal. 

TESTS   OF  PITCH  O. 

Pitch  G,  which  melts  at  196®  F.,  is  too  hard  (as  are  A  and  X)  to  be 
used  alone  in  briquetting.  With  IJ  per  cent  of  creosote  and  8  per 
cent  of  pitch  G,  a  good  briquet  was  obtained  that  disintegrated  only 
slightly  in  the  fire,  and  this  formula  was  used  in  making  a  trial  run  on 
the  EngUsh  machine. 

TESTS   OF  PITCH  X. 

Experiments  were  made  with  pitch  X  with  70  per  cent  of  Penn- 
sylvania No.  2-  anthracite  coal  and  30  per  cent  of  West  Virginia  No.  1 
bituminous  coal.  To  these  mixed  coals  were  added  varying  percent- 
ages of  pitch  X,  until  with  13  per  cent  the  briquets  were  very  satis- 
factory. Briquets  were  also  made  by  using  12  per  cent  of  pitch  X 
with  a  mixture  of  coal  containing  80  per  cent  of  the  anthracite  and 
20  per  cent  of  the  bituminous,  and  with  a  mixture  of  60  per  cent  of 
the  anthracite  and  40  per  cent  of  the  bituminous.  AU  of  these 
mixtures  made  briquets  that  burned  without  any  disintegration  in  a 
muf&e.  Pennsylvania  No.  2  anthracite  coal  was  also  tested  alone 
with  12  per  cent  of  pitch  and  the  resultant  briquet  was  satisfactory. 
In  all  of  the  above  cases  the  mixture  was  heated  in  an  assay  crucible 
until  the  pitch  softened.  No  experiments  on  the  English  machine, 
however,  could  be  made  with  these  combinations. 

TESTS   OF  PITCH  Z. 

The  gas-producer  pitch  (Z)  was  tested  with  Arkansas  No.  3  coal  by 
using  6.7  per  cent  of  the  pitch.  While  hot  these  briquets  were  soft, 
but  on  standing  one  hour  they  became  very  hard  and  had  a  glossy 
or  lustrous  fracture.     When  tested  in  the  mufSe  they  burned  without 

disintegration. 

1 

TESTS   OF    ASPHALT  BINDERS. 

Asphalts  were  used  alone  as  a  binder  and  also  in  combination  with 
other  compounds.  A  number  of  satisfactory  results  were  obtained 
in  the  laboratory  work,  but  only  a  few  of  the  asphalts  could  be  tried 
on  either  the  English  or  the  American  machines,  neither  of  which 
was  adapted  to  the  use  of  such  mixtures. 
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RESULTS  WITH  CALIFORNIA  ASPHALT. 


Calif omia  asphalt  (Bl)  is  brittle  at  ordinary  temperatures  and  can 
be  readily  disintegrated.  At  212^  F.  it  softened  slightly.  It  mixed 
readily  with  the  Spindletop,  Tex.,  petroleum  (Pi),  and  the  residual 
product  of  Beaimiont  petroleum  (P2)  in  all  proportions,  and  can 
therefore  be  thinned  to  any  consistency.  A  series  of  experiments 
was  first  made  with  4  per  cent  of  this  asphalt  with  Arkansas  No.  5 
coal,  from  which  a  fair  briquet  was  obtained.  With  5  per  cent  the 
briquet  was  satisfactory,  and  with  6  per  cent  it  was  only  a  little 
better.  By  using  6  per  cent  of  the  asphalt,  moistening  the  mixture, 
and  then  heating  imtil  steam  came  off,  a  briquet  was  obtained  that 
was  intermediate  in  quaUty  between  those  made  with  4  and  5  per 
cent  mixed  dry,  and  raised  to  a  higher  temperature.  This  indicates 
that  to  obtain  the  best  results  with  this  asphalt  it  would  be  necessary 
either  to  heat  the  mixture  with  superheated  steam  or  to  add  crude  oil. 

The  Califomia  asphalt  was  further  tested  with  the  Indian  Terri- 
tory No.  6  coal,  and  with  10  per  cent  of  the  asphalt  an  excellent 
briquet  was  obtained  that  was  strong  and  sufficiently  hard,  but 
showed  many  clayey  streaks.  The  Indian  Territory  briquets  burned 
fairly  well  in  the  muffle.  . 


RESULTS   WITH   *'KOPAK. 


The  Texas  asphaltic  compound  knovm  as  ^^kopak"  (B2)  softened 
slightly  at  212^  F.  without  becoming  sticky.  It  melted  at  a  rather 
high  temperatme,  but  was  veiy  adhesive.  It  can  not  be  disintegrated 
readily  in  warm  weather,  but  at  a  low  temperature  it  can,  with  some 
care,  be  crushed.  It  is  not  affected  by  the  crude  Texas  oil  (Pi)  or 
the  residual  petroleum  from  Texas  (P2).  With  the  warm  asphaltic 
pitch  it  mixed  readily  and  little  of  this  pitch  was  needed  to  make  a 
soft,  very  sticky  mass.  With  ordinary  coal-tar  pitches  this  asphaltic 
compound  did  not  mix  at  all.  With  rosin  the  rubbery  asphalt 
mixed  readily,  and  the  resulting  product  could  be  cracked  rather 
easily.  This  asphalt  has  qualities  that  should  make  it  a  desirable 
binder,  and  it  may  perhaps  be  advantageously  used  in  briquetting 
lignites. 

The  B2  asphalt  was  tested  with  a  dry  Texas  lignite,  12  per  cent 
of  asphalt,  heated,  being  used  as  a  binder.  The  resulting  biiquet 
was  tough  and  strong,  but  did  not  burn  well,  although  it  had  more 
cohesion  than  a  lignite  briquet  made  with  pitch.  By  using  12  per 
cent  and  heating  with  steam  in  the  usual  maimer  a  briquet  was  ob- 
tained that  was  fully  as  strong  as  the  one  heated  to  a  higher  tempera- 
ture. When  the  mold  was  warm  a  black,  glossy  briquet  was  pro- 
duced. With  10  per  cent  of  asphalt  there  waa  seemingly  no  differ- 
ence in  the  appearance  of  the  briquets.    Tbe^  disintegrated  in  the 
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furnace,  however,  and  for  this  reason  this  line  of  experimentation 
was  not  pursued  further. 

This  asphalt  was  further  tested  by  using  6  per  cent  in  combination 
with  4  per  cent  of  the  asphaltic  pitch  (B3)  and  the  dry  Texas  lignite. 
The  resultant  briquet  was  soft  when  taken  from  the  mold.  After 
standing  one  hour  it  presented  a  fair  appearance,  but  had  no  coher- 
ence when  burning,  showing  that  no  advantage  is  to  be  gained  by 
adding  the  asphaltic  pitch. 

RESULTS   WITH  ASPHAI/nC  PITCH. 

Asphaltic  pitch  (B3),  made  by  the  Waters-Pierce  Oil  Co.  at  one  of 
'  its  Texas  plants,  has  excellent  binding  qualities  and  the  right  consist- 
ency to  work  easily.  The  pitch  was  tested  first  with  Arkansas 
No.  5  coal,  by  using  6  per  cent  of  pitch  as  a  binder  and  heatii^  to  a 
moderate  temperature  in  an  assay  crucible.  The  briquets  were 
somewhat  porous  and  not  strong.  By  using  8  per  cent  of  the  pitch 
and  moderate  pressure  a  good  briquet  which  stood  up  well  ui  the 
fire  was  obtained.  With  Arkansas  No.  6  coal,  6  per  cent  of  this  pitch 
made  a  tough,  elastic,  and  rather  soft  briquet.  This  pitch  does  not 
give  the  degree  of  hardness  that  can  be  obtained  by  using  coal-tar 
pitches. 

Another  test  was  made  with  Arkansas  No.  5  coal  by  using  2  per 
cent  of  the  asphaltic  pitch  and  4  per  cent  of  lime  as  binder.  The 
briquets  showed  little  or  no  coherence  when  taken  from  the  mold 
and  no  change  in  physical  character  at  the  end  of  40  hours.  Three 
per  cent  of  pitch  and  3  per  cent  of  lime  made  a  briquet  that  was  only 
slightly  better.  Four  per  cent  of  pitch  and  4  per  cent  of  lime  made  a 
fair  briquet,  which  was  improved  a  little  by  an  increase  of  pressure. 
Four  per  cent  of  pitch  and  3  per  cent  of  lime  gave  practically  the  same 
result.  As  there  was  seemingly  no  reaction  between  the  pitch  and 
the  lime  no  advantage  was  gained  in  using  lime. 

A  series  of  experiments  was  made  with  5  per  cent  of  the  pitch 
and  1  per  cent  of  rosin  and  Arkansas  No.  2  coal.  The  briquet  was 
somewhat  soft  when  taken  from  the  mold  and  did  not  harden  in  24 
hours.  With  4  per  cent  of  pitch  and  2  per  cent  of  rosin  a  bri- 
quet was  obtained  that  was  satisfactory  in  every  way.  Three 
per  cent  of  pitch  and  3  per  cent  of  rosin  gave  seemingly  the  same 
results  as  4  per  cent  of  pitch  and  2  per  cent  of  rosin.  With  2  per 
cent  of  pitch  and  4  per  cent  of  rosin  a  good  briquet  was  obtained, 
which,  however,  was  slightly  brittle.  One  per  cent  of  pitch  and  5 
per  cent  of  rosin  made  a  hard  and  strong  briquet,  but  it  was  more 
brittle  than  the  preceding.  The  briquets  made  from  4  per  cent  of 
asphaltic  pitch  and  2  per  cent  of  rosin,  and  from  3  per  cent  of  pitch 
and  3  per  cent  of  rosin  were  of  equal  value.  The  3-to-3  briquet  is 
probably  cheaper,  and'  this  ratio  was  adopted. 
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BBBVI/I8  WITH  INDIAN  TBBSITOBT  A8FHAI;T. 

Indian  Territory  asphalt  (B4)  did  not  soften  in  boiling  water. 
It  melted  to  a  stiff,  sticky  liquid  just  below  its  ignition  point.  It  is 
only  slightly  soluble  in  gasoline.  At  the  boiling  point  there  was 
seemingly  no  reaction  between  this  hard  asphalt  and  crude  petro- 
leums Pi,  P2,  and  P3.  Neither  was  there  any  apparent  reaction 
between  this  asphalt  and  melted  rosin.  With  creosote  it  softened 
materially  and  when  used  with  this  in  the  ratio  of  5  per  cent  of  each 
with  90  per  cent  of  Arkansas  coal  a  fair  briquet  was  obtained.  With 
Pintsch-gas  tar  an  apparent  reaction  took  place  which  caused  the 
separation  of  some  of  the  contained  water.  One  of  the  first  tests 
made  with  this  asphalt  was  to  determine  whether  Elansas  oil  would 
have  any  softening  effect  on  the  asphalt,  but  no  matter  what  quantity 
of  oil  was  used,  when  heated  with  steam,  only  a  noncoherent,  greasy 
mass  was  formed.  The  asphalt  was  also  tried  alone  with  Arkansas 
coal  by  using  4  per  cent  of  asphalt.  The  mixture  was  used  dry  and 
worked  at  a  high  temperature,  but  the  resulting  briquet  was  poorly 
coherent.  With  6  per  cent  of  asphalt  the  briquet  was  httle  or  no 
better. 

BEBUI/rS  WITH  WTOMINO  ASPHALT. 

Wyoming  asphalt  (B6)  united  readily  with  rosin.  Two  parts  of 
asphalt  and  one  part  of  rosin  were  melted  together  in  a  kettle  and 
then  cooled  overnight.  On  a  cool  day  the  mass  was  very  brittle, 
but  became  sticky  with  a  rise  in  temperature.  In  using  the  mixture 
one  to  two  parts  of  lime  were  added  to  prevent  its  becoming  too  soft 
while  hot.  The  briquets  crumbled  easily  in  burning:  A  Wyoming 
lignite,  undried,  was  tested  with  8  per  cent  of  the  mixture  (2  parts 
Wyoming  asphalt  with  1  part  of  rosin)  and  1  per  cent  of  slaked  lime. 
This  made  a  good  briquet,  which  burned  fairly  weU.  With  7  per 
cent  of  the  mixture  and  1  per  cent  of  lime  the  result  was  practically 
the  same.  With  6  per  cent  of  the  mixture  and  1  per  cent  of  lime  the 
briquet  was  crumbly.  A  briquet  made  with  7  per  cent  of  the  mixture 
alone  without  lime  appeared  a  Uttle  tougher  when  taken  from  the 
mold,  but  it  did  not  bum  so  well.  Seven  per  cent  of  the  mixture  and 
2  per  cent  of  slaked  lime  gave  results  similar  to  those  with  7  per  cent 
of  mixture  and  1  per  cent  of  lime. 

In  testing  this  asphalt  alone  it  was  necessary  to  heat  the  coal  in  an 
assay  crucible,  add  the  fragments  of  asphalt,  knead  them  together, 
and  heat  frequently.  Six  per  cent  of  this  asphalt  alone  made  with 
Wyoming  li^te  a  strong,  tough  briquet  which  was  slightly  earthy 
in  appearance.  When  tested  in  the  fire,  however,  the  briquet  fell  to 
pieces  at  once. 

92012^— Bull.  5^-13 6 
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BOSIN  TESTS. 

Roein  us^d  alone  as  a  binder  produces  brittle  briquets.  The  lesults 
of  the  tests  made  with  rosin  and  pitch  are  recorded  under  ''Results 
With  Pitch." 

BBfllTLTB  WTTH  BOSIN   AND  PBTBOLKUM. 

Rosin  mixes  with  almost  all  of  the  crude  oils  and  their  residual 
products  that  were  tested  in  the  laboratory.  It  mixed  readily  with 
the  rubbery  asphalt  82,  forming  a  still  more  rubbery  mass,  but  did 
not  unite  at  all  with  the  Indian  Territory  asphalt  B4.  All  of  the  oils 
and  petroleums  increased  the  toughness  of  the  rosin,  and  the  con- 
sistency of  the  resulting  mixtures  varied  from  that  of  wagon  grease 
to  that  of  sticky  rosin.  Five  parts  of  rosin  melted  with  1  part  of 
ELansas  crude  petroleum  gave  a  tough  mass. 

A  series  of  experiments  was  made  with  rosin  and  Kansas  crude 
oil  P3  and  Indian  Territory  No.  6  coal.  With  5  per  cent  of  rosin  and 
1  per  cent  of  P3  oil  a  soft  briquet  was  obtained,  which  hardened  after 
exposure.  Six  per  cent  of  rosin  and  1  per  cent  of  P3  oil  yielded  a 
briquet  that  was  slightly  plastic,  very  tough  and  strong  in  a  warm 
room,  but  brittle  and  somewhat  crumbly  in  the  cold.  It  required 
several  hours  to  harden.  Six  per  cent  of  rosin  and  1^  per  cent  of 
P3  oil  gave  a  briquet  that  could  be  bent  in  the  fingers,  but  was  no 
stronger  than  one  made  with  5  per  cent  of  rosin  and  1  per  cent  of  oil. 

Another  series  of  experiments  was  made  with  equal  parts  of  rosin 
and  petroleum  residue  P2,  which  made  a  very  sticky,  plastic  mass. 
With  6  parts  of  rosin  and  4  parts  of  the  petrolemn  P2,  a  mass  was 
obtained  that  became  hard  when  plunged  into  cold  water.  With 
4  parte  of  rosin  and  1  part  of  the  petroleum  P2,  a  mass  was  obtained 
that  was  slightly  brittle  at  ordinary  temperatures,  but  melted  below 
212°  F.  These  proportions  were  therefore  considered  the  best, 
and  the  mixture  was  tried  with  the  Arkansas  No.  6  coal  by  using  4 
per  cent  of  rosin  and  1  per  cent  of  the  petroleum  P2  as  a  binder. 
The  resulting  briquets  were  the  best  that  were  made  in  the  laboratory 
and  were  hard  enough  to  dent  wood.  When  thrown  violently  against 
a  cement  floor,  they  broke  across  the  grain  and  without  producing 
any  dirt.    This  briquet  also  burned  exceptionally  well. 

The  Indian  Territory  No.  6  coal  was  tried  with  a  mixture  of  3  per 
cent  of  rosin  and  2  per  cent  of  petroleum  P2,  but  the  briquet  was 
oUy,  soft,  and  plastic.  With  a  mixture  containing  5  per  cent  of 
rosin  and  2  per  cent  of  petroleum  P2  an  excellent  briquet  was 
obtained.  With  4^  per  cent  of  rosin  and  H  P«r  cent  of  petroleum 
P2  a  briquet  was  made  that  was  practically  as  good  and  representeci 
the  best  proportion  to  be  used  with  the  coals  of  the  type  of  Indiar 
Territory  No.  6.  This  briquet  was  nearly  as  good  as  those  made  with 
10  per  cent  of  the  California  asphalt  Bl. 
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BB8UIA4  WITH  BOflIN  AND  LIMB. 


With  Ume  and  rosin  alone  15  per  cent  of  lime  and  85  per  cent 
of  rosin  was  the  proportion  required  for  a  complete  reaction.  Rosin 
with  unslaked  lime  sets  after  melting.  If  slaked  lime  he  used,  the 
reaction  occurs  at  212°  F.,  and  the  mixture  is  light  gray.  This 
cement  will  soften  and  become  sticky  only  at  the  melting  point  of 
lead.  On  cooling  it  is  brittle,  but  stronger  than  rosin.  With  slaked 
lime  rosin  reacts  and  gives  a  satisfactory  mixture  up  to  3  parts  of 
rosin  and  1  part  of  slaked  lime. 

BBStTLIB  WITH  B08IK,  LIMB,  AMD  PBTBOLBI7X. 

Rosin,  slaked  lime,  and  the  petroleum  residue  P2  were  mixed 
together  in  the  proportion  of  3  parts  of  rosin  to  1^  parts  of  slaked 
lime  and  1  part  of  petroleum  P2.  This  mixture  was  tough  and 
could  be  pulverized.  Indian  Territory  No.  6  coal  with  7  to  9.6 
per  cent  of  this  mixture  was  heated  with  steam  and  when  compressed 
made  a  medium  hard  briquet.  It  was  not,  however,  tough  enough 
nor  did  it  bum  satisfactorily. 

Another  combination  was  tried  by  using  3  parts  rosin  to  li  parts 
slaked  lime  and  2  parts  of  Kansas  P3  oil.  This  made  a  granular, 
nonbinding  mass.  With  2  parts  of  rosin  to  1  of  slaked  lime  and  1 
of  the  P3  oil,  a  sticky,  oily  mass  was  obtained,  but  it  was  not  at  all 
tough. 

A  combination  of  rosin  and  the  residual  Beaumont  petroleum  P2 
was  made  considerably  tougher  by  the  addition  of  lime,  and  for  this 
combination  relatively  more  lime  was  needed  than  when  rosin  alone 
was  used.  The  best  combination  obtained  was  6  parts  of  rosin  to 
3  parts  of  slaked  lime  and  2  parts  of  petroleum  P2. 

With  Kansas  crude  oil  no  positive  results  could  be  obtained.  Six 
parts  of  rosin,  3  of  lime,  and  4  of  the  Kansas  oil  P3  gave  a  greasy, 
granular  mass  without  any  apparent  binding  properties.  With  3 
parts  of  oil  instead  of  4  there  was  obtained  a  sticky  mass,  which, 
however,  had  no  strength. 

BE8ULT8  WrrR  B08IN  AND  SULPHURIC  ACID. 

Rosin  was  tested  with  sulphuric  acid,  the  dilute  acid  having  no  effect 
on  the  roein.  Concentrated  acid  reacted  with  it,  evolving  SO^  and 
forming  a  stiff,  bright-red  paste.  YThen  the  paste  was  added  to 
water  there  was  formed  a  pink,  soapy  precipitate.  Lignite  was 
tested  with  10  and  with  13  per  cent  of  this  mixture,  and  fair  briquets 
were  made  in  each  case.  These  softened  slightly  on  standing  and 
disintegrated  in  the  fire.  They  were  of  about  equal  quality  and 
equival^it  to  a  briquet  made  with  12  per  cent  of  rosin. 
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PETROLEUM  TESTS. 

All  of  the  crude  oils  and  petroleums  can  be  stiffened  to  some  extent 
by  being  mixed  with  rosin  or  hard  pitch.  None  of  the  petroleums 
and  oils  that  have  been  tested,  however,  could  be  used  alone  in 
briquetting  any  of  the  coals.  Most  of  them  were  too  fluid  and  had 
little  or  no  binding  qualities. 

TESTS   WITH   MOLASSES. 

The  molasses  experimented  with  in  the  laboratory  can  be  bought 
in  any  market.  It  was  always  used  in  combination  with  lime. 
Thick  molasses  was  diluted  with  twice  its  weight  of  water,  and  the 
lime  was  slaked  to  a  paste  with  twice  its  weight  of  water.  When 
these  two  reagents  were  mixed  they  had  no  apparent  reaction  until 
they  were  dry.  By  using  1  part  of  water  to  1  of  molasses  and  2  of 
lime  there  was  no  apparent  excess  of  either,  and  the  mixture  set  at 
once  to  a  rather  hard  cement  similar  to  plaster  of  Paris.  A  series  of 
experiments  was  made  with  Arkansas  No.  6  coal  by  using  slaked  lime 
equivalent  to  5  per  cent  of  unslaked  lime,  diluted  molasses  equivalent 
to  1  per  cent  of  the  undiluted,  and  94  per  cent  of  the  coal.  The 
briquets  were  somewhat  friable  when  taken  from  the  mold,  but 
became  hard  after  standing  6  hours,  and  in  24  hours  they  were  hard 
and  strong.  When  immersed  in  water,  they  remained  intact  for 
about  48  hoiu^,  when  they  began  to  crumble.  With  a  mixture 
equal  to  3  per  cent  of  unslaked  lime  and  3  per  cent  of  undiluted 
molasses  with  94  per  cent  of  the  coal,  a  briquet  was  obtained  that 
was  rather  soft  when  first  taken  from  the  mold,  but  became  hard  in 
5  hours.  It  burned  with  intumescence.  With  1  per  cent  of  lime 
and  5  per  cent  of  molasses,  the  resultant  briquet  hardened  slowly  and 
at  the  end  of  48  hours  was  tough  and  elastic,  but  not  hard.  At  the 
end  of  seven  days  it  had  become  extremely  hard.  In  breaking  it 
had  a  lustrous  fracture  and  powdered  only  slightly.  When  tested 
in  water,  it  softened  and  weakened  only  after  several  days.  This 
ratio,  5  of  molasses  and  1  of  lime,  gave  the  best  results. 

Another  test  was  made  by  mixing  dry  4  per  cent  of  quicklime  with 
the  coal  and  then  adding  3  per  cent  of  the  molasses  that  had  been 
previously  diluted.  The  briquets  as  taken  from  the  mold  were  soft 
and  crumbly,  having  little  or  no  cohesion.  A  brown  Texas  lignite, 
one-half  crushed  to  pass  through  a  10-mesh  sieve  and  the  other  half 
to  pass  through  a  20-mesh  sieve,  was  dried  and  tested,  with  the 
molasses  and  lime  in  the  ratio  of  5  to  1.  The  lime  was  first  slaked  to 
produce  a  dry,  white  powder,  and  the  molasses  was  diluted  with  an 
equal  weight  of  water.  The  very  fine  slaked  lime  equivalent  to  1 
per  cent  of  unslaked  lime  and  the  lignite  were  mixed  dry  and  then 
the  diluted  molasses,  equal  to  5  per  cent  of  the  pure  molasses,  was 
thoroughly  mixed,  a  little  at  a  time,  with  the  mixed  lime  and  lignite, 
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enough  extra  hot  water  being  added  to  thoroughly  moisten  the  mass. 
The  main  difficulty  was  in  making  the  lignite  moist.  With  5  per 
cent  of  molasses  and  2  per  cent  of  lime,  the  resultant  briquet  was  just 
coherent,  and  many  small  intersecting  cracks  developed  when  the 
pressure  was  relieved.  On  standing  48  hours  the  cracks  had  jxot 
enlarged  and  the  briquets  were  hard,  brittle,  glossy,  and  brown. 
With  7  per  cent  of  molasses  and  2  per  cent  of  lime,  the  briquets  were 
similar  to  the  others  when  jSist  taken  from  the  mold,  but  became 
slightly  harder  and  darker  in  48  hours.  With  7  per  cent  of  molasses 
and  4  per  cent  of  lime  fewer  cracks  developed  when  the  pressure  was 
relieved,  but  the  briquets  were  still  soft.  In  48  hours,  however,  they 
were  noticeably  stronger  and  blacker  than  those  of  either  of  the  other 
two  mixtures.  With  10  per  cent  of  molasses  and  3  per  cent  of  lime 
similar  cracks  developed  on  relief  of  pressure,  and  on  standing  48 
hours  the  briquets  were  as  hard  as  those  with  7  and  4  per  cent, 
respectively.  With  14  per  cent  of  molasses  and  4  per  cent  of  lime  the 
briquet  obtained  was  fair  when  first  taken  from  the  mold.  It  was 
somewhat  crumbly,  however,  and  at  the  end  of  48  hours  showed  little 
change.  Its  character  was  not  changed  by  using  the  extreme  pres- 
sure obtainable  on  the  screw  machine.  With  12  per  cent  of  molasses 
and  4  per  cent  of  lime  the  briquet  was  better,  but  still  not  strong 
while  fresh.  In  48  hours  it  had  hardened  somewhat,  but  had  devel- 
oped many  of  the  drying  cracks.  With  16  per  cent  of  molasses  and 
2  per  cent  of  lime  there  was  an  excess  of  molasses,  this  being  squeezed 
out  under  pressure.  This  briquet  was  fairly  good  while  fresh,  but 
became  too  brittle  on  drying.  With  a  higher  percentf^  of  lime 
there  was  less  tendency  to  crack,  and  although  in  the  present  series 
of  experiments  little  lime  was  used  in  excess  of  the  proportion  required 
for  forming  calcium  saccharate,  it  may  be  that  a  further  addition  of 
lime  would  make  a  briquet  that  would  behave  better  in  the  fire. 

TESTS   WITH   WAX   TAILINGS. 

A  sample  of  wax  tailings  received  from  the  Standard  Oil  Co.  was 
combined  with  Arkansas  coal.  With  98  per  cent  of  coal  and  2  per 
cent  of  wax  no  coherence  was  established  under  moderate  pressm-e. 
With  4  per  cent  of  wax,  either  hot  or  cold,  an  elastic  briquet  was 
obtained  which  was  fairly  clean,  but  yielded  under  slowly  applied 
pressure.  The  briquets  were  tested  in  a  muffle  and  seemed  to  burn 
perfectly.  With  additional  pressure  a  briquet  (containing  4  per 
cent  of  wax)  was  obtained  which,  although  it  had  no  greater  strength 
than  the  other;  was  smooth  and  clean.  With  5  per  cent  of  the  wax 
and  with  light  pressure,  a  briquet  was  obtained  that  was  rather  sticky 
and  showed  an  excess  of  wax  by  sticking  to  the  plunger. 

The  wax  was  also  tried  with  some  of  the  harder  pitches.  With  1 
per  cent  of  wax  and  3  per  cent  of  pitch  X  a  noncoherent  briquet  was 
obtained ;  1  per  cent  of  wax  and  5  per  cent  of  pitch  X  produced  the 
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same  result,  regardless  of  the  pressure  used;  and  with  2  per  cent  of 
wax  and  4  per  cent  of  pitch  X  a  briquet  was  obtained  similar  to  the 
one  in  which  13  per  cent  of  pitch  X  alone  was  used.  It  was,  however, 
not  a  satisfactory  product. 

.  TESTS   WITH  ACID   SLUDGE, 

Some  acid  sludge  was  received  from  the  Oulf  Refining  Co.,  of  Port 
Arthur,  Tex.  It  was  mixed  with  water,  producing  a  weak  acid 
solution,  which  did  not  seriously  attack  iron.  Part  of  the  sludge  was 
a  thin,  greasy  mass,  and  the  remainder  was  rubbery  and  granular. 
The  two  parts  did  not  mix  when  they  were  heated  to  the  melting  point. 
The  stiffer  part  of  the  sludge  did  mix  with  melted  rosin,  and  this 
mixture  resembled  the  rubbery  asphalt  B2. 

TESTS   Wrra   LIME. 

No  experiments  were  made  with  lime  alone,  as  the  percentage 
required  for  making  a  coherent  briquet  was  so  high  as  to  preclude 
entirely  its  use  as  a  binder. 

TESTS   WriH   CLAY. 

Clay  alone  was  tried  up  to  8  per  cent,  but  in  no  case  was  a  briquet 
obtained  that  would  hold  together  on  drying,  although  the  clay  used 
was  a  superior  potter's  clay. 

COALS   USED  IN  TESTS. 
TS8TO  WITH  OOLORADO  NO.  !.• 

Colorado  No.  1  coal  without  previous  drying  was  tried  with  pitch 
D.  With  7  per  cent  of  the  pitch  the  briquet  showed  little  cohesion; 
with  9  per  cent  a  fair  briquet  was  obtained;  and  with  10  per  cent  a 
good  one  was  made,  which  stood  up  fairly  well  in  the  fire.  With  11 
per  cent  the  briquet-  was  better  than  with  10,  but  it  was  decided  to 
use  10  per  cent  in  making  a  run  on  the  English  machine. 

TB8TS   wrra  T1XA8  NO.  1.* 

On  account  of  the  large  areas  of  Texas  No.  1  lignite  and  the 
importance  of  utilizing  it  as  a  fuel,  many  experiments  were  made  in 
the  laboratory  in  the  effort  to  devise,  if  possible,  a  practical  binder  that 
could  be  used  for  briquetting  it.  It  was  first  tried  with  pitch  alone 
and  then  with  various  combinations,  the  results  of  the  tests  being 
largely  unfavorable. 

BesuUs  wUh  piteA  hifider. — ^The  lignite  without  previous  drying  was 
first  tried  with  pitch  B;  it  was  crushed  so  that  one-third  was  40  mesh, 
another  third  20  mesh,  and  the  last  third  10  mesh.  With  6  per  cent 
of  pitch  B  heated  in  an  assay  crucible,  without  the  addition  of  any 
water  to  make  steam,  a  noncoherent  briquet  was  obtained. 

•  S«e  table,  p.  37.  .yft,^  J^bJe^Rv^O.^  .^ 
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Some  of  the  ligmte  dry  was  briquetted  with  6  per  cent  of  pitch  B, 
without  steam.  The  resultant  briquet  was  noncoherent.  With 
steam,  however,  a  slightly  better  briquet  was  made.  With  10  per 
cent  of  pitch  B  and  steam  a  briquet  was  obtained  that  was  fair  when 
taken  from  the  mold,  but  when  tested  in  the  fire,  fell  to  pieces. 
With  12  per  cent  of  pitch  B  a  briquet  was  obtained  that  was  also  fair 
when  fresh  from  the  mold,  but  this  also  disintegrated  inmiediately 
when  placed  in  the  fire.  Kansas  crude  petroleum  P3  was  added  to 
the  li^te*and-pitch  mixture  without  beneficial  results. 

Results  with  (isphdUic  pitch  and  rosin. — ^The  next  experiments  were 
with  asphaltic  pitch  B3  and  rosin.  With  3  per  cent  of  pitch,  3  per 
cent  of  rosin,  and  94  per  cent  of  dry  lignite,  molded  imder  very  high 
pressure,  a  briquet  only  just  coherent  was  obtained.  With  4  per 
cent  of  this  pitch  and  4  per  cent  of  rosin  a  fair  briquet  was  obtained. 
Five  per  cent  of  the  pitch  and  5  per  cent  of  rosin  gave  a  fairly  strong 
briquet,  which  crumbled  slightly.  With  6  per  cent  of  each  a  briquet 
was  obtained  that  was  satisfactory  physically,  but  crumbled  in  the 
fire.  Ten  per  cent  of  pitch  and  2  per  cent  of  rosin,  or  2  per  cent  of 
pitch  and  10  per  cent  of  rosin,  made  fair  briquets,  but  not  equal  to 
the  6  to  6.  All  of  the  briquets  made  with  the  asphaltic  pitch  and 
rosin  crumbled  in  the  fire. 

Results  wUh  tasin  cmd  lime. — Another  series  of  experiments  was 
made  on  this  lignite  with  rosin  and  lime.  With  6  per  cent  of  rosin, 
2  per  cent  of  quicklime,  and  92  per  cent  of  the  dry  lignite,  heated 
with  steam,  a  briquet  was  obtained  that  had  little  or  no  coherence. 
With  a  mixture  of  8  per  cent  of  rosin  and  88  per  cent  of  lignite,  to 
which  was  added  4  per  cent  of  lime  that  had  been  boiled  in  water,  a 
fair  briquet  was  obtained.  If  this  mixture  is  quite  dry  and  is 
squeezed  immediately  on  mbdng,  it  will  stand  up  in  the  fire  better 
than  a  briquet  made  with  rosin  alone,  but  it  is  too  soft  to  be  handled. 

Another  sample  of  the  lignite  was  crushed  to  10  and  20  mesh  fineness 
and  heated  until  it  was  charred  black.  Twelve  per  cent  of  rosin  and 
2  per  cent  of  lime,  mixed  in  boiling  water,  when  combined  with  the 
B^iite,  made  a  briquet  that  was  excellent  physically  but  disintegrated 
in  the  fire.  Briquets  made  of  the  lignite,  previously  mixed  dry  with 
12  per  «ent  of  rosin  and  2  per  cent  of  quicklime  and  heated  with 
steam,  cracked  through  the  center  when  the  pressure  was  relieved, 
and  fragments  tested  in  the  fire  disintegrated  completely.  The 
charred  lignite  was  then  ground  to  60-mesh  fineness  and  tested  with 
10  per  cent  of  rosin  and  2  per  cent  of  lime,  but  there  was  no  coher- 
ence at  all  in  the  briquet.  With  12  per  cent  of  rosin  and  2  per  cent 
of  hme  a  poor  briquet  was  obtained  from  this  finely  powdered  mate- 
rial— one  much  inferior  to  that  made  by  using  the  coarser  charred 
lignite  and  the  same  ratio  of  rosin  and  lime.  It  also  disintegrated 
completely  in  the  fire. 
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It  was  thought  that  perhaps  by  mixing  a  bituminous  coal  with  the 
lignite  the  binder  would  be  more  effective  in  holding  the  particles  of 
lignite  together.  A  mixture  containing  10  per  cent  of  Pocahontas 
coking  coaly  8  per  cent  of  rosin,  2  per  cent  of  lime,  and  80  per  cent 
of  the  Texas  lignite  was  briquetted.  A  briquet  was  obtained  that  was 
physically  satisfactory,  but  it  did  not  stand  up  in  the  fire  any  better 
than  the  others. 

Results  wUh  lime. — ^The  Texas  lignite  with  8  per  cent  of  lime  alone 
and  steam  made  a  briquet  that  was  good  when  first  taken  from  the 
mold,  but  on  drying  it  began  to  crumble,  indicating  that  lime,  except 
when  used  in  very  IsLVge  quantity,  would  hot  successfully  briquet  this 
lignite. 

ResvUs  with  asphalt. — ^Another  series  of  experiments  was  made  with 
the  rubbery  asphalt  B2.  With  12  per  cent  of  the  asphalt  an  excellent 
briquet  was  obtained  by  heating  it  with  the  lignite  and  without  steam. 
The  briquet  was  smooth  and  hard,  but  in  the  fire  acted  like  the  lime- 
rosin  briquets  and  crumbled.  With  12  per  cent  of  the  asphalt  heated 
with  steam  the  briquet  was  also  physically  good,  and  when  the  mold 
of  the  press  was  warm  the  resultant  briquet  was  black  and  glossy. 
With  10  per  cent  of  the  asphalt  and  steam  the  briquet  was  just  as 
good.  It  did  not,  however,  stand  up  well  in  the  fire.  With  6  per 
cent  of  asphalt  and  4  per  cent  of  the  asphaltic  pitch  B3  and  steam 
the  resultant  briquet  was  almost  noncoherent  while  warm,  but  became 
stronger  on  standing  one  hour.  It  was  a  fair  briquet,  but  disinte- 
grated in  the  fire. 

Results  with  petroleum  and  rosin.— The  lignite  was  also  tested  with 
rosin  and  the  petroleum  P2.  With  9  per  cent  of  rosin  and  3  per  cent 
of  petroleum  the  briquets  expanded  immediately  upon  reUef  of  pres- 
sure and  large  cracks  developed.  The  cracks  closed  as  the  briquet 
cooled  and  the  result  was  a  briquet  of  fair  hardness  and  strength; 
however,  it  disintegrated  in  the  fire.  With  7  per  cent  of  rosin  and  5 
per  cent  of  petroleiun  P2  the  resultant  briquet  was  too  soft,  showing 
the  need  of  more  rosin  in  the  mixture.  Some  cracks  developed,  as 
in  the  previous  briquets,  and  in  burning,  the  briquet  disintegrated 
completely.  With  9  per  cent  of  rosin,  3  per  cent  of  petroleum  P2, 
and  3  per  cent  of  slaked  lime,  a  good  briquet  was  obtained  that  did 
not  expand  and  crack  upon  reUef  of  pressure.  It  burned  in  the  fire 
with  some  cohesion,  but  was  no  better  than  the  rosin  and  lime  alone, 
and  there  was  no  apparent  advantage  in  adding  the  petroleum. 

TK8T8  WITH   WEST  VIRGINIA   NO.  3.« 

West  Virginia  No.  3,  a  good  coking  coal,  was  tried  in  the  laboratory 
to  determine  what  could  be  done  toward  briquetting  it  without  any 
binder  whatever.  Heated  to  212^  F.  and  then  subjected  to  the  max- 
imum pressure  on  the  hand  press,  a  fair  briquet  was  obtained  ¥rithout 
any  binder.     It  was  not  strong,  however,  and  caked  in  burning. 

-See  table,  p.  41.  -yu-^uy  ^^v^^.^ 
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When  the  coal  was  heated  until  it  began  to  smoke^  beautiful  lustrous 
briquets  were  obtained,  which  were  little  stronger  than  the  previous 
ones.  When  heated  until  caking  began  and  then  subjected  to  the 
maxiinum  pressure  an  excellent  briquet  was  obtained. 

TB8TS   WITH  OTHKR  GOALS. 

Many  other  coals  were  tested  in  the  laboratory  and  it  was  found 
that  in  nearly  all  cases  a  coking  coal  could  be  briquetted  without  the 
introduction  of  any  binding  material.  In  these  experiments  it  was 
noted  that  the  coal  needed  to  be  heated  until  it  began  to  cake  and 
that  the  hot  coal  had  to  be  fed  direct  to  the  press,  as  even  slight  cool- 
ing seemed  to  diminish  its  briquetting  properties.  Another  pecul- 
iftrity  indicated  by  a  number  of  experiments  was  that  after  the  coal 
had  been  heated  until  it  began  to  cake  and  was  then  cooled  and 
reheated  it  lost  some  of  its  briquetting  properties. 

BINDE&S  XT8BD  IN  LATB&  ST.  LOUIS  AND  NORFOLK  TESTS. 

In  view  of  European  tests  and  the  results  of  previous  experiments 
at  St.  Louis  no  binder  was  investigated  except  two  of  the  pitches 
derived  from  the  distillation  of  the  tar  obtained  as  a  by-product  in 
the  manufacture  of  illuminating  gas,  namely,  water-gas  pitch  (abbre- 
viated to  W.  G.  P.)  and  coal-tar  pitch  (abbreviated  to  C.  T.  P.). 
In  order  to  obtain  data  that  would  be  comparable,  all  briquets  in 
any  one  lot  were  made  with  6  to  8  per  cent  of  the  same  binder. 

The  ''flowing  test"  used  at  St.  Louis  for  determining  the  hardness 
of  the  pitch  was  made  in  the  followiag  manner:  The  bulb  of  the  ther- 
mometer was  covered  with  a  thin  layer  of  melted  pitch,  which  was 
allowed  to  harden.  The  thermometer  was  passed  through  a  cork 
fitted  in  the  mouth  of  a  te^t  tube,  so  that  the  bottom  of  the  thermome- 
ter bulb  was  held  2  inches  from  the  bottom  of  the  tube.  The  test 
tube  was  then  held  in  a  vertical  position  in  a  beaker  of  boiling  water. 
As  the  pitch  became  soft  it  gradually  dropped  from  the  thermometer 
in  the  form  of  a  thread,  and  the  temperatm*e  recorded  when  this 
thread  reached  the  bottom  of  the  test  tube  was  called  the  ''flowing 
point." 

A  method  of  determining  the  melting  point  of  pitches  that  was 
used  in  testing  some  of  the  binders  is  more  practical  than  the  method 
given  above.  It  is  an  English  method,  devised  by  F.  G.  Holmes,  ** 
the  details  being  as  follows: 

Several  pieces  of  pitch  are  selected  from  different  parts  of  the 
sample  and  cut  iato  J-inch  cubes.  The  cubes  axe  supported  on 
20-gage  wires  by  heating  the  ends  of  the  wires  and  pressing  them 
into  the  pieces  of  pitch.  They  are  then  suspended  in  a  500-c.  c. 
beaker  of  water,  and  heated  by  any  convenient  means  at  a  uniform 

a  Thorpe,  Edward,  Dlctkuiaiy  of  applied  chemistry,  1913,  vol.  4,  p.  290.     ^->.  j 
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r»te  of  5^  C.  (d^  F.)  per  minute.  The  cubes  are  placed  on  a  level 
with  the  bulb  of  the  thermometer;  as  the  temperature  rises  the 
pieces  of  pitch  are  removed  frond  time  to  time  and  twisted  or  squeezed 
with  the  fingers  and  the  temperatures  noted  at  which  they  become: 

(1)  Soft,  so  that  the  pitch  can  be  readily  twisted  around  several 
times. 

(2)  Very  soft,  so  that  the  pitch  yields  to  a  very  light  pressure  of 
the  fingers. 

(3)  Fused,  so  that  the  pitch  melts  off  of  the  wire. 

Soft  pitch  softens  at  104''  and  melts  at  140''  F.  Moderately  hard 
pitch  softens  at  140'^  and  melts  at  about  176''  F.  Hard  pitch  softens 
at  176"  and  melts  at  about  248''  F,  For  this  type  of  pitch  it  is  neces- 
sary to  use  a  bath  of  oil  or  glycerin  in  place  of  the  bath  of  water  in 
which  to  heat  the  cubes. 

A  fractional  distillation  of  the  pitch  was  made  as  another  verifica- 
tion of  its  quality.  From  this  distillation  the  oils  coming  off  under 
572'*  F.,  between  572"  and  680"  F.,  and  between  680"  and  743"  F. 
were  recorded.  Pitch  that  at  the  temperature  of  the  mouth  could 
be  bitten  nearly  through  before  breajdng  proved  the  most  satisfactory 
binder  for  most  coals  briquetted.  The  results  of  the  tests  of  bindeis 
used  in  the  later  briquetting  tests  at  St.  Liouis  and  Norfolk  are  given 
in  the  followir^  table: 

Tests  of  pitches  used  at  St.  Louis  and  Norfolk. 
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Lot 

Extracted 
by  carbon 

Heat 

Free 

pi  .1 

Labora- 

Jf low- 
ing 
point 

Kind  or 

tory  No. 

No. 

^ 

y»lw. 

carbon. 

Oils 
up  to 
572- F, 

6^^S 

OOsltom 
680* F.  to 

Total 
oils  up  to 

pitch. 

680«F. 

743- F. 

743- F. 

B.  t.  tt. 

P.eL 

•F. 

P.et. 

PercenL 

Percent. 

Percent. 

2736 

68.66 
61.20 
80.20 

41,44 
.  38.80 

187 
256 
144 

• 

\4 

PI 

V 

C.  T.  P. 

272d 

C.  T.  P. 

^ 

W.  0.  P. 

...... 

64.20 

'"15;  937* 

176 

(«) 

(•j 

M 

(«) 

C.  T.  P. 

^ 

8Ql27 

16^373 

10.33 

179 

3.66 

h 

16.23 

ai.i9 

w.  0.  P. 

2 

84.10 

16,137 

16.90 

163 

.7« 

12.78 

24.83 

w.  0.  p. 

82M 

3 

82.43 

16,427 

36!  86 

171 

2.00 

14.0 

8.5P 

24.60 

W.  G.  P. 

3293 

4 

63.64 

15,941 

165 

3.08 

11.57 

11.82 

26.47 

C.  T.  P. 

m 

6 

70.98 

16.478 

an  02 

176 

.86 

16.21 

0.11 

25.11 

W.  Q.  P. 

6 

86.57 

16,407 

14.43 

187 

L76 

6.00 

17.00 

24.75 

W.  G.  P. 

3023 

7 

60.26 

16,027 

30.74 

165 

.86 

11.16 

10.15 

22.16 

C.  T.  P. 

3024 

8 

89.60 

16,193 

10.40 

172 

1.26 

10.35 

8.40 

20.00 

W.  G.  P. 

3602 

9 

60.71 

\fn 

3a  20 

158 

1.80 

as 

10.03 

22.83 

C.  T.  P. 

3885 

10 

95.20 

4.80 

140 

1.4S 

18.18 

"      34.44 

W,  G.  P. 

3962 

U 

77.79 

16,106 

20.21 

150 

3.00 

12.75 

10.76 

2a  60 

W.  Q.  P. 

4120 

12 

97.70 

17,060 

2.30 

154 

.75 

11.25 

17.26 

29.25 

W.  G.  P. 

4318 

13 

90.42 

16.744 
16,139 

0.58 

166 

if. 

11.10 

13.60 

36. 69 

W.  Q.  P. 

4310 

14 

66.26 

33.75 

158 

10.36 

0.90 

23.00 

C.  T.  P. 

4543 

16 

90.66 

16,969 

.36 

144 

1.62 

17.31 

2a  12 

ts 

W.  O,  P. 

4683 

16 

89.31 

16,637 

10.60 

162 

1.28 

11.64 

16.06 

w.  0.  P. 

4606 

17 

ga66 

16»576 

9144 

166 

1.61 

9166 

14.30 

26.47 

W.  Q.  P. 

4806 

18 

96.90 

16,864 

3.10 

144 

1.00 

0.44 

16.23 

26.76 

W.  G.  P. 

^ 

}& 

94.60 

16,006 

6.60 

126 

1.33 

16.53 

15.16 

33.01 

W.  G.  P. 

100.00 

17,156 

.0 

115 

.46 

1.06 

4.26 

5.76 

W.^*ip. 

6458 

21 

93.92 

\m 

7,08 

180 

.aa 

12.34 
10.32 

22.44 

86.66 

5663 

22 

90.33 

0.67 

201 

1.45 

n.30 

23.07 

W.  G.  P. 

6030 

23 

98.13 

i6.7ai 

1.87 

194 

1,87 

4.21 

14.64 

20.63 

W.O.P. 

6041 

24 

96.44 

16,978 

L66 

106 

i.n 

14.05 

16.20 

3L96 

W.  G.  P. 

iSiS 

26 

06.60 

16i780 

8.40 

178 

1.27 

9188 

17.75 

28.90 

W.  G.  P. 

28 

64.24 

15,608 

35.76 

158 

24.0 

6.10 

3.53 

33.82 

C.  T.  P. 

o  Data  lost  in  fire. 
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Percentage  of  Krkfcr.— In  handling  a  given  sample  of  coal  various 
percentages  of  binder  were  used  in  briquetting  lots  of  600  pounds. 
In  all  cases  the  fuel  and  the  binder  were  weighed  separately,  and  the 
percentages  of  binder  given  are  taken  from  these  figures.  The 
extraction  analyses  by  carbon  bisulphide,  the  results  of  which  for 
binders  are  given  in  the  above  table,  were  made  from  carefully  selected 
samples  of  coals,  pitches,  and  briquets,  and  the  percentage  of  binder 
in  the  finished  product  was  calciilated  from  these  determinations.^ 

The  flour  used  as  a  binder  at  Norfolk  laboratory  No.  6110)  had 
the  foUowing  approximate  analysis: 

Pwoant. 

Moisture 13.30 

Volatile  combustible 72. 30 

Fixed  carbon 13. 50 

Aah 90 

Sulphur 10 

Its  heating  value  was  6,998  British  thermal  units. 
OTHER  BINDEB  INVESTIGATIONS. 

In  the  laboratory  investigations  of  J.  E.  Mills  the  substaAcea  named 
below  were  tested  as  binding  materials  in  the  manufacture  of  briquets. 

INORQANIC   BINDERS. 

Some  inorganic  materials  used  as  binder  are:  Clay,  lime,  magnesia, 
magnesia  cement  (magnesia  oxide  and  magnesium  chloride),  plaster 
of  Paris,  Portland  cement,  natural  cement,  slag  cement,  water  glass. 

ORGANIC   BINDERS. 

Some  of  the  organic  materials  used  as  binders  are: 

(1)  Wood  products,  such  as  rosin,  pitch  (rosin  and  tar),  pine  tar, 
hardwood  tar,  Douglas  fir  tar,  wood  pulp,  sulphite  liquor  (from  paper 
mills). 

(2)  Sugar-factory  residues,  such  as  beet  pulp,  lime  cake,  beet-sugar 
molasses,  cane-sugar  molasses. 

(3)  Starch,  such  as  corn  starch,  potato  starch. 

(4)  Slaughterhouse  refuse. 

(5)  Tars  and  pitches  from  coal,  such  as  blast-furnace  tar,  producer- 
gas  tar,  illumiaating-gas  tar  (from  coal),  by-product  coke-oven  tar, 
coal-tar  creosote,  various  grades  of  pitches  from  various  tars. 

(6)  Natural  asphalts,  such  as  impsonite,  gilsonite,  maltha,  refined 
T^udad,  refined  Bermuda,  hard  and  refined  or  gum  (from  impreg- 
nated sandstone,  etc.). 

(7)  Petroleum  products,  such  as  crude  oil,  residuum  (asphalts,  etc.), 
water-gas  tar,  water-gas  tar  pitch,  wax  tailings,  acid  sludge,  asphalt 
tar,  Pintsch-gas  tar,  Pittsburgh  flux. 

a  See  deBcriptfam  of  extraotion  test  under  heading  "  Tests  Applied  to  Brtquets. " 
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OHABAOTEB  AND  RESULTS  OF  THE  INYESTIOATIONS. 

These  investigations  related  not  only  to  the  nature  and  the  amount 
of  the  binder  necessary  for  making  satisfactory  briquets  with  each  of 
the  several  coals  tested;  but  also  to  the  extent  to  which  the  binding 
quality  of  certain  of  these  materials  might  be  improved  by  the  admix, 
ture  of  another  binding  material  or  another  variety  of  coal. 

Unless  otherwise  stated,  20  grams  of  each  coal  was  mixed  with  the 
different  percentages  of  the  binding  material  and  placed  in  a  Bat- 
tersea  crucible.  A  small  proportion  of  water  was  then  added  and  the 
mixture  heated  with  sufBicient  stirring  to  thoroughly  mix  the  binder 
and  the  coal  until  steam  came  off  freely  and  only  a  small  proportion  of 
water  was  left.  A  part  of  the  mixture,  while  still  hot,  was  pressed  in 
a  small  laboratory  hand  press,  at  a  pressure  of  3,500  to  4,000  pounds 
per  square  inch.    Each  briquet  weighed  approximately  5  grams. 

The  use  of  inorganic  binding  materials  is  not  likely  to  prove  practi- 
cable under  ordinary  conditions,  except  when  coking  coals  can  not  be 
obtained  to  mix  with  noncoking  coals.  A  small  percentage  of  inor- 
ganic materials  (such  as  magnesium  oxide  or  carbonate,  or  plaster  of 
Paris),  if  added  to  other  binding  materials,  may  cause  the  briquets  to 
hold  together  better  in  the  fire. 

Of  the  more  specific  results  in  the  testing  of  different  binding  mate- 
rials the  following  tentative  statements  are  made,  pending  further 
investigations: 

The  use  of  clay,  lime,  and  cement  as  bindii^g  materials  was  found 
entirely  unsatisfactory,  for  the  reason  that  they  added  largely  to  the 
ash  constituent  of  the  briquet.  The  briquets  made  with  these 
binders  disintegrated  on  exposure  to  water  and  weather.  To  water- 
proof them  by  soaking  in  oils,  etc.,  was  found  difficult  and  expensive. 
Water  glass  (or  sodium  silicate)  was  also  unsuitable  for  use  in  this 
connection. 

Briquets  containing  4  to  6  per  cent  of  magnesium  oxide  used  as  a 
binder  held  together  satisfactorily  in  dry  weather  and  in  the  fire,  but 
they  disintegrated  on  exposure  to  rainy  weather  or  when  immersed 
in  water. 

In  the  tests  with  2  to  12  per  cent  of  plaster  of  Paris  used  as  a 
binder,  the  briquets  made  were  hard  but  brittle,  and  quickly  disinte- 
grated. Three  per  cent  of  magnesia  mixed  with  6  to  8  per  cent  of 
water-gas  tar  pitch  seemed  to  make  a  stronger  briquet  than  the  same 
percentage  of  pitch  used  alone;  but  the  improvement  in  the  quality 
of  the  briquets  is  not  considered  sufficient  to  cover  the  additional  cost 
of  the  magnesia  and  the  additional  percentage  of  ash  that  it  brings 
into  the  briquet. 

None  of  the  sugar-factory  residues  was  considered  satisfactory  as 
a  binding  material.    The  briquets  made  with  them  disintegrate  on 
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exposure  to  the  weather,  and  no  cheap  waterproofing  has  as  yet 
proved  satisfactory. 

None  of  the  wood  products,  when  used  alone,  was  regarded  as  satis- 
factory. Some  of  these  materials  used  in  combination  with  other 
binders  gave  results  of  some  promise  and  deserve  further  investigar 
tion. 

The  tests  made  using  0.5  to  3  per  cent  of  starch  as  a  binding  mate- 
rial with  different  coals  gave  strong  briquets.  They  were  smokeless 
and  held  together  in  the  fire  until  completely  consumed;  but  these 
briquets  went  to  pieces  when  wet  or  exposed  to  the  weather  for  a  con- 
siderable period  of  time.  Experiments  as  to  the  possibility  of  cheaply 
waterproofing  the  briquets  bound  with  starch,  so  as  to  make  them 
hold  together  when  exposed  to  water,  were  sufficiently  successful  to 
warrant  further  investigation  in  this  direction:  Starch  is  obtainable 
in  lai^e  quantities  and  can  be  produced  in  almost  any  part  of  the 
country.  Crude  starch  can  probably  be  obtained  at  less  than  $20  per 
.  ton.  At  this  price  the  use  of  1  per  cent  of  starch  as  a  binder  would 
add  only  20  cents  per  ton  to  the  cost  of  the  briquets. 

The  scarcity  and  high  price  of  slaughterhouse  refuse  woidd  prohibit 
its  tise  as  a  binding  material  for  briquets.  Satisfactory  results  were 
not  obtained  in  the  tests.  * 

The  tests  with  coal  tars  and  the  different  grades  of  pitch  made  from 
those  tars  indicated  that  probably  in  the  pitches  the  most  satisfactory 
binders  for  the  manufacture  of  briquets  will  be  found;  and  that  these 
can  be  made  at  a  price  that  will  bring  the  cost  of  the  binding  material 
used  to  not  more  than  50  to  75  cents  per  ton  of  briquets.  Briquets 
made  from  a  majority  of  the  bituminous  coals  with  a  good  grade  of 
pitch  as  a  binder  bum  well  and  are  sufficiently  strong  to  bear  ordinary 
handling.  They  will  stand  exposure  to  the  weather  for  a  number  of 
years  without  serious  deterioration.  The  supply  of  pitch  is  lai^e, 
and  can  easily  be  increased.  The  price  now  ranges  from  $9  to  $11 
per  ton.  The  pitches  obtained  from  different  plants  and  those 
obtained  at  different  times  from  the  same  plants  vary  considerably, 
not  only  in  their  boiling  points,  but  in  other  respects;  and  in  the  case 
of  similar  pitches  the  percentage  necessary  for  the  proper  working  of 
different  coals  seemed  to  vary  according  to  differences  in  the  quality 
of  thd  coals.  It  was  found  to  be  better  to  mix  with  a  noncoking  coal 
10  to  20  per  cent  of  a  coking  coal,  rather  than  to  increase  the  per- 
centage of  pitch. 

In  the  investigation  of  the  asphalts  as  binding  materials,  impsonite 
from  the  Indian  Territory  (Oklahoma)  was  rather  imsatisf actory .  In 
a  number  of  tests  with  noncoking  coals  the  result  was  improved  by 
the  addition  to  such  coal  of  5  to  10  per  cent  of  impsonite  in  addition 
to  3  to  5  per  cent  of  ordinary  pitch  or  some  other  binding  material. 
Four  to  eight  per  cent  of  gOsonite  and  other  asphalts  from  Utah  gave 
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fairly  satisfactory  results  as  binders.  These  materials  are  found  in 
Utah  and  elsewhere  in  large  quantities.  The  price  at  presoit  k  too 
high  to  permit  their  extensive  use. 

Experiments  with  several  other  asphaltic  materials  were  not  alto- 
gether satisfactory.  .  Asphaltic  tar  yielded  fairly  good  results  as  a 
waterproofing  material  in  briquets  made  with  starch. 

Four  to  six  per  cent  of  maltha  (a  liquid  asphalt)  used  as  a  binder 
yielded  f airiy  satisfactory  results  with  coking  coals.  With  noncoking 
coals  it  was  insu£B.cient. 

Crude  petroleums  have  been  tested  as  binding  materials,  with  satis- 
factory results.  Six  to  eight  per  cent  of  asphaltic  petroleum  was  used 
succe^ully  in  waterproofing  briquets  made  with  a  starch  binder.  It 
is  doubtful  whether  such  use  would  prove  entirely  satisfactory  on  a 
commercial  scale. 

The  petroleum  residuums  proved  to  be  successful  binding  materials 
somewhat  in  proportion  as  the  percentage  of  asphalt  in  them  increased. 
That  obtained  from  the  Gulf  Refining  Co.,  of  Port  Arthur,  Tex., 
melted  at  a  temperature  of  212^  F.,  and  about  09.38  per  cent  was  sol- 
uble in  carbon  bisulphide.  Another  sample  of  asphaltic  petroleum 
from  the  Gulf  Refining  Co.  flowed  at  a  temperature  of  203^  F.,  and  car- 
bon bisidphide  dissolved  99.88  per  cent.  Four  to  six  per  cent  of  this 
material  gave  excellent  results  as  a  binder  for  briquets.  Water^as 
tar,  which  is  obtained  from  illuminating^as  plants,  was  not  tested 
sufficiently  to  give  satisfactory  results.  It  is  necessary,  after  this 
material  is  mixed  with  the  coal,  to  raise  its  temperature  sufficiently 
high  to  liquefy  and  perhaps  even  vaporize  it. 

The  water-gas  pitch  furnished  by  the  Barrett  Manufacturing  Co. 
flowed  at  a  temperature  of  198^  F.  Four  and  one-half  to  seven  per 
cent  of  this  pitch  is  equivalent  to  6  to  8  per  cent  of  coal-tar  pitch, 
and  makes  satisfactory  briquets.  The  cost  of  this  binder  would  be 
from  46  to  66  cents  per  ton  of  briquets. 

The  wax  tailings  used  in  these  investigations  were  obtained  from 
the  Standard  Oil  Co.  They  melt  at  about  158^  F.  Four  to  six  per 
cent  of  tins  material  produces  good  briquets.  The  quantity  of  this 
material  produced  in  the  United  States  is  small,  and  the  price  is  about 
6  cents  per  gallon.  This  price  would  make  the  binding  material  used 
in  a  ton  of  briquets  cost  approximately  45  to  60  cents. 

Tests  made  with  add  sludge  as  a  binder  were  not  satisfactory. 
The  sludge  not  only  added  the  unwelcome  sidphur,  but  its  binding 
qualities  were  inferior. 

Asphalt  tar  was  unsatisfactory  as  a  binder,  even  when  8  to  12  per 
cent  was  used,  inasmuch  as  the  briquets  fell  to  pieces  in  the  fire.  Its 
use  for  waterproofing,  when  starch  or  other  material  had  been  used 
as  a  binder,  proved  fairly  satisfactory. 
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Piiitoch--gas  tar  was  obtainable  in  so  small  a  quantity  that  only 
ptdiminary  tests  were  made  covering  its  use  as  a  binder,  and  they 
were  only  partly  satisfactory. 

In  making  cod  briquets  binding  is  most  successful  when  the  parti- 
cles of  coal  are  coated  and  when  the  void  spaces  are  filled  with  the 
bindit^  material.  This  is  best  accomplished  wh^i  the  temperature 
of  the  mixture,  before  compression,  is  raised  sufficiently  to  liquefy  or 
Taporize  the  binder.  The  relation  between  the  coal  and  the  binder 
seems  to  be  physical  rather  than  chemical,  though  it  is  possible  that 
certain  minor  chemical  changes  may  accompany  the  briquetting 
operation. 

The  quantity  of  the  binding  matmal  necessary  will  therefore  depend 
on  the  f^regate  of  the  surfaces  of  the  coal  particles  to  be  coated,  on 
the  void  spaces  to  be  filled,  and  on  the  general  physical  and  chemical 
character  of  the  coal.  Coking  coals  require  less  binder  than  noncok- 
ing  coals.  The  percentage  of  binder  necessary  for  noncoking  coals 
may  be  diminished  and  the  quality  of  the  briquet  improved  by  the 
addition  of  10  to  20  per  cent  of  coking  coal. 

Furthermore,  when  coal  is  finely  pidverized  the  briquetting  is 
facilitated  by  the  mixture  of  a  considerable  percentage  of  the  same  or 
another  coal — ^preferably  a  nonslacking  coal — crushed  to  sizes  ranging 
from  ^  to  i  inch. 

The  following  are  mentioned  as  the  more  important  requisites  of  a 
suitable  binding  material  for  use  in  the  manufacture  of  briquets: 

(1)  It  must  be  inexpensive,  on  accoimt  of  the  small  difference 
between  the  prices  of  slack  or  fine  coal  and  lump  coal. 

(2)  It  shoidd  be  capable  of  abundant  production  in  different  parts 
of  the  cbuntry,  in  order  to  avoid  the  necessity  of  long  transportation. 

(3)  It  should  be  of  such  character  as  to  make  it  easily  handled  and 
applied  at  workable  temperatures. 

(4)  It  should  hold  the  briquet  together,  not  only  during  ordinary 
handling  and  transportation,  but  also  during  protracted  exposure  to 
the  weather  and  while  burning. 

(5)  It  should  not  add  appreciably  to  the  ash  of  the  coal  nor 
increase  the  clinker  formation  in  the  ash.  It  should  not  give  off 
fumes  nor  seriously  increase  the  smoke  in  the  burning  of  the  briquets. 
Binding  mateiiais  that  have  a  low  melting  or  boiling  temperature 
give  off  more  smoke  because  of  the  fact  Uiat  this  smoke  originates 
at  a  temperature  too  low  for  complete  combustion. 

(6)  It  should  increase  the  heating  quality  of  the  coal  used  in  the 
manufacture  of  the  briquets. 

TESTS  OF  AMERICAN  LIONITE  IN  GEBMANY. 

In  August,  1904,  imder  the  supervision  of  J.  A.  Holmes,  samples 
of  lignite  from  Lehigh,  N.  Dak.,  and  from  near  Rockdale,  Tex., 
were  shipped  to  Magdeburg  and  Zeitz,  Germany;  to  determine  the 
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feasibility  of  briquetting  these  lignites  with  the  Qerman  presses. 
The  tests  conducted  by  Dr.  Holmes  were  successful,  and  the  briquets 
made  with  these  lignites  subsequently  stood  the  tests  applied  to  the 
German  lignite  briquets,  which  are  extensively  used  for  domestic 
purposes. 

To  a  part  of  the  briquets  made  at  Magdebuig  2  per  cent  of  ordinary 
coal-tar  pitch  was  added,  with  the  view  of  determining  what,  if  any, 
advantage  would  result  from  such  an  addition.  Laboratory  tests 
indicated  that  the  briquets  to  which  this  pitch  was  added  burned 
more  rapidly,  with  more  flame,  and  at  a  higher  heat  efficiency  than 
those  without  it,  and  the  North  Dakota  lignite  seemed  to  give  off 
fewer  sparks  in  burning.  It  is  estimated  that  the  cost  of  manufac- 
turing these  briquets  (not  including  the  cost  of  the  lignite)  should 
not  exceed  50  cents  per  ton.  The  analyses  of  the  lignite  briquets 
made  at  Magdeburg  are  as  follows: 

Arudyaea  of  briquets  made  at  Magdeburg j  Chrmany  {ligniU  dried  before  briquettmg). 


From  Lehigh, 


Without 

pitch  or 

other 

binder. 


with  2 
percent 
of  pitch 
added. 


From  Rockdale, 
Tex. 


Withoat 

pitch  or 

other 

Mnder. 


With  2 
percent 
of  pitch 
Mlded. 


Proximate: 

Molstore 

Volatile  matter 

Fixed  carbon 

Aah 

Sulphor 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorfee 

Brltiah  thermal  units 

Moisture  in  undried  sample  of  lignite  as  recdved  at  Magdebuig 


12.96 
37.79 
38.63 
10.62 
.75 

4.99 
62.88 
.66 
80.11 
4,941 
8,894 


L87 


11.92 
38.68 
41.11 
8.90 
1.04 

6.00 
66.26 
.73 
37.89 
6,332 
9,606 


8.88 
40.92 
41.90 

8.30 
.97 

6.21 
69.06 
1.15 
26.81 
6,682 
10,228 
32.07 


8.92 

41.33 

42.35 

7.40 

1.07 

5.28 
60.61 

1.14 
25.55 
6,828 
10,490 


IiABORATORY  INVESTIGATIONS  OF  BINDERS  AND  FUELS. 

During  the  past  three  years  the  author  has  carried  on  at  Pittsburgh 
laboratory  briquetting  investigations  of  certain  binding  materials,  using 
the  hydraulic  hand  press  previously  described.  As  the  work  progressed, 
it  was  found  desirable  to  record  data  that  were  not  considered  essen- 
tial in  the  earlier  experiments;  hence  data  for  the  different  tests 
are  not  alike  complete.  These  laboratory  tests  should  not  be  con- 
fused widi  the  tests  made  on  the  large  machines.  No  attempt  was 
made  to  prepare  briquets  m  sufficient  quantity  for  combustion  teste, 
as  the  object  of  the  tests  was  merely  to  study  the  briquetting  qualities 
of  various  fuels  and  binders. 
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XBTHOD  OF  KAKINa  LABOBATO&T  BBIQUBniNa  TEBTB. 

In  making  a  laboratory  test  when  the  mixture  was  heated  by  steam, 
1,000  grams  of  a  mixture  of  fuel  and  binder  was  prepared,  using  the 
proper  proportion  of  the  binder.  If  a  solid  binder  was  used,  it  was 
first  crushed  to  pass  a  20-mesh  sieve.  If  liquid  or  viscous  binders 
were  being  tested,  they  were  warmed  sufficiently  to  cause  them  to 
mix  thoroughly  with  the  coal.  The  fuel  and  the  binder  in  either  case 
were  mixed  by  kneading  and  stirring  until  a  imiform  mixture  was 
obtained.  Two  himdred  grams  of  this  mixture  was  placed  in  a 
2-quart  pan  and  live  steam  (as  dry  as  possible  but  not  superheated) 
was  blown  into  the  mixture  through  a  J-inch  pipe  bent  at  right 
angles  and  attached  to  a  flexible  rubber  hose.  This  heating  was 
carried  on  for  periods  of  20,  30,  60,  90,  or  120  seconds,  as  foimd 
advisable  from  previous  experiments  with  fuek  of  similar  type. 
After  weighing  to  determine  the  gain  in  moisture,  the  mixture  was 
transferred  to  the  mold  of  the  hydraulic  press  and  the  temperature 
noted.  A  reading  was  made  on  the  plunger  to  determine  the  length 
of  the  mixture  before  compression.  Pressure  was  then  applied  and 
roistered  on  a  large  gage.  When  the  desired  pressure  had  been 
obtained,  another  plunger  reading  was  made,  and  the  difference 
between  this  and  the  reading  before  compression  gave  the  reduction 
of  volume. 

DESIGNATED  QUALFTIES   OF   BRIQUETS. 

The  values  of  the  letters  A,  B,  C,  D,  or  E,  used  in  the  tables  to 
designate  the  quality  of  fresh  briquets  and  of  air-dried  briquets,  are 
as  follows: 

A:  An  excellent  briquet,  difficult  to  fracture  with  the  hands,  and 
having  smooth,  firm  surfaces  and  sharp,  strong  edges. 

B:  A  good  briquet,  lacking  some  of  the  qualities  mentioned  under 
A,  but  yet  a  satisfactory  and  practical  briquet. 

C:  A  fair  briquet,  somewhat  lacking  in  strength  and  somewhat 
rough  and  soft  on  the  surface  and  with  edges  that  crumble  easily, 
so  that  it  is  hardly  a  satisfactory  briquet. 

D:  A  briquet  of  poor  quality  and  entirely  unsatisfactory,  lacking 
strength,  smooth  surface,  and  firm  edges. 

E:  A  briquet  so  poor  that  it  crumbled  to  pieces  when  removed 
from  the  mold. 

The  abbreviation  "S.  J."  in  the  table  under  the  item  *' Method  of 
Heating''  indicates  the  use  of  a  steam  jet.  The  letters  W.  G.  P. 
represent  water-gas  pitch. 

OOMPBESSION  TEST. 

As  a  measure  of  the  strength,  the  compressive  strength  or  the 

amount  of  pressure  the  labc^atory  briquets  would  stand  without 

breaking  was  more  closely  comparable  than  that  noted  in  briquets 

made  on  the  larger  presses.  o,i,zedbyGoOQle 
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In  the  following  table  are  given  the  physical  and  chemical  character- 
istics of  the  binders  used  in  the  laboratory  tests: 

Binders  used  in  laboratory  briquetting  tests. 


Labo- 
ratory 
No. 

Kind  of  binder. 

Ex- 
tracted 

carbon 
bisul- 
phide. 

Heat 
value. 

Plow- 
ing 
point. 

Proximate  analysis. 

Lot 
No. 

Mois- 
ture. 

Volar 

tile 

com- 

bostible 

matter. 

Fixed 
carbon. 

Ash. 

Bnl- 
phur. 

26 

5040 
9298 
11990 
14768 
12515 
14709 

Water-gas  pitch.... 
Cell  pitch 

Per  a. 
96.60 

B.t.H. 

16,780 
6,550 

14,233 
6,856 
4,586 
4,734 

•F. 

178 

27 

8.10 
1.20 
13.83 
39.16 
37.98 

67.79 
78.87 
78.18 
43.04 
88.59 

9.00 
19.67 
7.99 
8.60 
13.52 

25.04 

.26 

.0 

9.11 

9.91 

3.21 

29 
81 

Hardwood-tar  pitch 
Wheatflour 

.14 
.13 

32 

Sulphite  liquor 

8.13 

34 

do 

S.06 

a  Burned  to  ash  without  melting. 
TESTS   WIFH  PFTTSBURGH   NO.  15.* 


The  data  obtained  from  laboratory  tests  of  Pittsburgh  No.  15  and 
various  binders  are  given  in  the  following  tables: 

Laboratory  briquetting  tests  of  Pittsburgh  No.  15  without  binder. 


Test  No. 

L158. 

LieoA. 

L169B. 

L169C. 

L169D. 

L169E. 

Liaor. 

Sise  as  used: 

Over  *  inch,  per  cent 0.8 

A  to  ^  inch,  per  cent i        45.3 

0.8 

45.3 

32.4 

11.7 

9.8 

Cold. 

None. 

Cold. 

200 
200 

Dried. 

14,000 

10.0 

0.8 

45.3 

32.4 

11.7 

9.8 

182 

None. 

8.  J. 

200 
206 

Dried. 

14,000 

10.0 

4.0 

14.0 

i 

46 

D 
D 

0.8 

45.3 

32.4 

U.7 

9.8 

178 

None. 

8.  J. 

100 

0.8 

45.3 

32.4 

11.7 

9.8 

192 

None. 

8.  J. 

200 

0.8 
45.3 
32.4 
U.7 

cdd! 

None. 

100 
100 

Dried. 

30,000 

10.0 

0 

10.0 

0.8 

A  to  )^  inch,  per  cent !         32.4 

A  to  A  Inch,  per  cent •        11.7 

Through  ^  inch,  per  cent . . . 

Briquettiiiig  temperature,  *F 

Binder,  amount  used,  per  cent . . 
Ifethod  of  heating  usedT. 

0.8 

Warm. 

None. 

8.  J. 

200 
200 

rjndrled. 

14,000 

30.7 

0.8 
Cold. 
Nods. 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  drleli  or  un- 
dried 

100 
100 

Dried. 

30,000 

10.0 

3.0 

13.0 

h 

Dried. 

6,000 

10.0 

5.0 

15.0 

4 

Dried. 

Pressure    used,    pounds    per 
sqwwe  *nch. 

20,000 

lidsture: 

In  fuel,  per  cent 

10.0 

Added  in  heating,  per  cent. . 

0 

In  briquet,  per  cent. 

lao 

Length  of  heating,  minutes 

Reduction  of  volume  by  press- 
square  inch 

QuaUty  of  briquet: 

Freshb                  

£ 

D 
D 

D 
D 

E 
B 

D-f- 
D-l- 

D-l- 

Air-dried6 

D-l- 

«  See  table,  p.  39. 


6  See  p.  71  for  value  of  lettcn. 
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Laboratory  briquetting  tests  of  PiUshurgh  No,  15  wUh  water-gas  pitch  binder. 


Tost  No. 


L10O. 


L161. 


Llfi2. 


L17a 


L171. 


L172. 


Siieasused: 

Oyer  i  inch,  per  OBDt 

ti^  to  i  inch,  per  cent 

^tOfVii>cn,peroent 

A^to  A  Inch,  percent 

Tmough  ^  mch,  per  cent 

Briqoetting  temperature,  *F 

Lot  No 

Amount  used,  per  cent 

Mtthod  of  heating  used 

WfliEhtof: 

iDxture  used,  grams 

Briquet,  averase,  srama. 

Condition  of  fuel,  dried  or  undrled 

PnsBore  uaed,  pounds  per  square  bich 

MdstarB: 

In  fuel,  per  cent 

Added  in  heating,  per  cent 

In  briquet,  per  oenl 

— th  of  heating,  minutes 

jction  of  Tohime  by  pressing,  per  cent. 
Crashing  strength, pounds  per  square  inch. 
Quality  of  briquet: 

Fresh 

Air-dried 


0.8 

45.3 

32.4 

11.7 

9.8 

156 

26 

4 

8.  J. 

200 
207 
Undried. 
6,000 

30.7 
5.5 
36.2 

J 

200 

D 
D 


0.8 
46.8 
32.4 
11.7 
0.8 
156 

26 

6 

8.  J. 

200 
207 
Undried. 
6,000 

30.7 
5.5 
36.2 


200 


0.8 
46.3 
82.4 
11.7 
0.8 
172 

26 

8 

8.  J. 

20O 
208 
Undried. 
6,000 

30.7 
6.0 
36.7 

J 

20O 

D 
D 


0.8 
45.3 
82.4 
11.7 
0.8 
186 

26 

4 
8.  J. 

20O 

208 

Dried. 

6,000 

10.0 
4.5 
14.5 

4 

200 

D 
D 


0.8 
45.3 
>32.4 
11.7 
9.8 
177 

26 

6 

8.  J. 

200 

207 

Dried. 

6,000 

10.0 
4.0 
14.0 


300 


0.8 

45.3 

32.4 

11.7 

0.8 

175 

26 

8 

8.  J. 

200 

206 

Dried. 

6,000 

10.0 
4.5 
14.5 

660 

C 
B 


Laboratory  briquetting  tests  of  Pittsburgh  No,  15  with  wheat-flour  binder. 


Test  No. 


L166. 


L167. 


L168. 


L176. 


L177. 


L178. 


SisBSsused: 

Over  I  inch,  per  cent 

A  to  }  inch,  per  cent 

A  to  ^  incD,  per  cent 

A  to  A  inch,  per  cent 

Through  A  Ixich,  per  cent 

Bnquetting  temperature,  *F 

Lot  No 

Amount  used,  per  cent , 

Method  of  heating  used 

Weifht  of: 

liixtuze  uaed,  grams 

Briquet,  averese,  erams 

Goodition  of  fuel,  mied  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture: 

In  fuel,  per  cent 

Added  in  heathig,  per  cent 

In  briquet,  per  cent 

Length  of  neating,  minutes 

BeductioQ  of  volume  by  pressing,  per  cent 
Crushing  strength,  pounds  per  square  inch 
QuaUty  of  briquet: 

Fresh 

Air-dried 


0.8 
45.3 
32.4 

a.  7 

8.8 
196 

31 

3 

S.J. 

200 
208 
Undried. 
6,000 

30.7 

7.0 

37.7 

1 

42 
600 

C 
B 


0.8 
46.3 
82.4 
11.7 
8.8 
191 

31 

5 

8.  J. 

200 
211 
Undried. 
6,000 

30.7 

7.5 

38.2 

1 

43 
1,000 

A 
A 


0.8 
45.3 
32.4 
11.7 
8.8 
181 

81 

7 

8.  J. 

200 
210 
Undried. 

6,000 

30.7 

7.5 

38.2 

1 

40 

1,125 

A 

A 


0.8 
45.3 
32.4 
11.7 
8.8 
190 

31 

3 

8.  J. 

20O 

210 

Dried. 

6,000 

10.0 
5.5 
15.5 
1 
46 
750 

B 
B 


0.8 
45.3 
82.4 
11.7 
8.8 
194 

31 

5 

8.  J. 

200 

211 

Dried. 

6,000 

10.0 

7.0 

17.0 

1 

46 
1,150 

A 
A 


0.8 
45.8 
32.4 
11.7 
8.8 
183 

81 

7 

8.  J. 

200 

211 

Dried. 

6,000 

10.0 

6.5 

16.5 

1 

46 
1,100 

aA 
aA 


a  Edges  brittle. 
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Lahoralofy  briquetting  tests  of  Pittsburgh  No,  15  wiih  cdUpUeh  hinder. 


Test  No. 


L188. 

L164. 

L166. 

L174. 

L175. 

0.8 

0.8 

0.8 

0i8 

0.8 

45.3 

45.8 

45.8 

45.8 

46.3 

82.4 

82.4 

82.4 

82.4 

82.4 

11.7 

11.7 

11.7 

11.7 

11.7 

9.8 

0.8 

0.8 

0.8 

0.8 

100 

167 

173 

163 

174 

27 

27 

27 

27 

27 

4 

6 

8 

6 

8 

S.J. 

S.J. 

8.  J. 

8.  J. 

8.  J. 

200 

200 

20O 

200 

200 

200 

207 

207 

206 

208 

Undried. 

Undried. 

Undried. 

Dried. 

Dried. 

6,000 

6,000 

6,000 

6,000 

6,000 

30.7 

30.7 

30.7 

lao 

10.0 

6.0 

5.5 

6.0 

4.0 

5.0 

36.7 

36.2 

36.7 

14.0 

15.0 

4 

A 

4 

4 

4 

200 

20O 
D 

550 
C 

026 

D 

B 

D 

C 

C 

C 

B 

Sixe  as  used: 

Over  }  Inch,  per  cent 

A  to  i  Inch,  per  cent 

A  to  ^  Inch,  per  cent 

jw  to  ^  ii^/ pv  c^z^t 

Throogh  A  inch,  per  cent 

Briquetting  temperatoxe,  *F 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  used 

Weight  of: 

MiztuxB  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  diiea  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture: 

In  fuel,  per  cent 

Added  in  lieating,  per  cent 

In  briquet,  per  cent 

Length  of  neaUng,  minutes 

Reduction  of  vohime  by  pressing,  per  cent. 
Qrushing  strength,  pounds  per  square  inch. 
Quality  of  briquet: 

Fresh 

Aii^dried 


The  results  obtained  from  these  experiments  show  that  North 
Dakota  lignite  (Pittsburgh  No.  15)  can  not  be  successfully  briquetted 
without  binder,  even  tmder  high  pressure.  The  briquets  made  from 
the  undried  fuel  with  8  per  cent  of  the  water-gas  pitch  were  not 
satisfactory.  When  the  fuel  was  dried  to  contain  only  10  per  cent 
of  moisture,  and  8  per  cent  of  the  water-gas  pitch  was  used,  a  satis- 
factory briquet  was  obtained.  With  3  to  5  per  cent  of  flour  as  a 
binder  excellent  briquets  were  obtained  from  both  the  dried  and  the 
undried  fuel,  although  they  would  not  be  waterproof  and  would  have 
to  be  stored  under  cover. 

With  8  per  cent  of  ceU  pitch  the  dried  fuel  made  a  satisfactory 
briquet.  Of  course  briquets  made  with  this  binder  would  not  be 
waterproof  and  would  have  to  be  stored  under  cover.  The  source 
and  analysis  of  this  fuel  are  given  under  '^  Details  of  Briquetting 
Tests." 

TESTS   WITH  PITTSBUBOH   NO.  17.* 

The  data  obtained  from  laboratory  tests  of  Pittsburgh  No.  17  and 
various  binding  materials  are  given  ia  the  following  tables: 

a  See  table,  p.  39. 
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Laboratory  brtquetting  testa  of  Pittsburgh  No.  11  without  binder. 


Test  No. 

L22S. 

L226. 

L227. 

L228. 

L237. 

L238. 

L239. 

Bin  as  used: 

1?^  to  i  inch,  per  cent 

^to^inehjpercent 

jw  to  ilW  Inch,  per  cent 

Thnmgfa  ^  bich,  per  cent . . 
Briiraettlng  temperature,*  P . . . . 
Binder,  amount  used,  per  cent . . 
Method  of  heating  used. 

9.7 
40.5 
26.5 
12.7 
10.6 

Cold. 

None. 

Cold. 

20O 
199 

Undrtod. 

14,000 

31.6 

9.7 
40.5 
26.5 
12.7 
10.6 

Cold. 

None. 

Cold. 

20O 
200 

Undried. 

6,000 

31.6 

9.7 

40.5 

26.5 

12.7 

10.6 

Gold. 

None. 

Cold. 

155 
155 

Undried. 

32,000 

31.6 

9.7 

40.5 

26.3 

12.7 

10.6 

157 

None. 

(•) 

150 
146 

Undried. 

32,000 

31.6 
-1.5 
30.1 

9.7 
40.5 
26.5 
12.7 
10.6 
180 
None. 
B.J. 

200 
202 

Dried. 

14,000 

14.1 

3.5 

17.6 

i 

43 

9.7 
40.5 
26.5 
12.7 
10.6 
194 
None. 
S.J. 

150 

157 

Dried. 

32,000 

14.1 
4.6 
18.6 

1 

9.7 

40.5 

26.5 

12.7 

10.6 

187 

None. 

(a) 

Wei£htof:          * 

Mixture  used,  grams 

Briquet,  average,  grams .... 

Condition  of  lUel,  drl^  or  un- 

dried 

150 
149 

Dried. 

Pressure    used,    pounds    per 

32,000 
14.1 

Moisture: 

Tn  frei,  P6T  cent 

Added  in  beating,  percent. . 

0 

In  briquet,  per  oent 

Length  of  beating,  minutes 

Beduction  of  volume  by  press-' 
ing,  per  cent 

31.6 
Cold. 

50 

81.6 
Cold. 

48 

31.6 
Cold. 

14.1 

CraSimg  strength,  pounds  per 

200 

D. 
D. 

Quality  of  briquet: 

D 

D 
D 

D 
D 

E 

C 
C 

c 

Air-driBd 

c 

« Gas  flame.  «  b  Until  hot. 

Laboratory  briquetting  tests  of  Pittsbtargh  No.  17  with  water-gas  pitch  binder. 


Test  No. 


L199.        L200.        L201.        L  202.        L  203.        L229. 


Sixeasnsed: 

Over  i  inch,  per  cent 

t^  to  t  hich.  per  cent 

^to  ,V  hicn,  per  oent 

A  to  ^  inch,  per  cent 

l%iough  A  mch,  per  cent 

Briquetting  temperature,  *F 

Lot  No 

Amount  used,  per  cent 

Method  of  beating  used 

Wei^tof: 

Mixture  used,  grams 

Briquet,  average,  srams 

OonditiDii  of  fuel,  cfriea  or  undried 

Piessore  used,  pounds  per  square  inch 

Moisture: 

Inftiel,percent. , 

Added  m  heating,  per  cent 

In  briquet,  per  cent 

Length  of  heating,  minutes 

BeODctian  of  volume  by  pressing,  per  cent. 
Chnhlng  strength,  pounds  per  square  inch. 
Quality  of  briquet: 

Tnth. 

Air-dried 


9.7 
40.5 
26.5 
12.7 
10.6 

201 

26 
4 

B.J. 

200 
200 
Undried. 
4,000 

31.6 
6.5 
38.1 

*\ 

-800 

D 
D 


9.7 
40.5 
26.5 
12.7 
10.6 

201 

26 

5 

S.J. 

200 
200 
Undried. 
4,000 

31.6 

7.0 

38.6 

*\ 

-300 

D 
D 


9.7 
40.5 
26.5 
12.7 
10.6 

199 

26 

6 

S.J. 

200 

209 

Undried. 

4,000 

31.6 
6.5 
38.1 


-300 


A  7 
40.5 
26.5 
12.7 
10.6 

196 

26 

7 

S.J. 

200 
209 
Undried. 
4,000 

31.6 
5.5 
37.1 


a -300 


9.7 
40.5 
26.5 
12.7 
10.6 

108 

26 

8 

S.J. 

20O 
210 
Undried. 
4,000 

31.6 
6.5 
38.1 


350 


9.7 
40.5 
26.5 
12.7 
10.6 

187 

26 

6 

S.J. 

200 

207 

Dried. 

4,000 

15.7 

4.5 

20.2 

400 

C 
C 


•Indicfttee  that  ttrangth  was  less  than  800  pounds  per  square  inch,  the  lowest  pressuie  that  the  gage 
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Ldboralary  briquetHng  tegts  cf  Pittsburgh  No.  17  with  flour  hinder. 


Tost  No. 


L204. 


L205. 


La06. 


Lao?. 


Laos. 


Laoo. 


L210. 


L230. 


Siseastued: 

Over  i  Inoh,  per 

cent 

A  to  i  Izioh,  per 

cent 

AtoAtoch,P« 

cent 

AtoAliich,per 

-  nt. 


Through  ^  lneh< 
nt.. 


percent 


Brlquetting  temper- 
ature,'F. 

Binder: 

Lot  No 

Amount  of,  per 

cent 

Method   of   heating 

uaed 

Wetehtof: 

Mixture    used, 

nams 

Bnquet,  average, 

Condition   of   fuel, 
dried  or  undried... 
Pressure  used,  pounds 
per  square  inch. . . 
Moisture: 

In  fuel,  per  cent. 
Added  in  heating, 

percent 

In  briquet  mix- 
ture, per  cent . . 
Length  of  heating, 

minutes 

Reduction  of  volume 
by    pressing,    per 

cent 

Cruahixig  strength, 
poonds  per  square 


Quality  of  briquet: 

Fresh 

AiPKirled 


9.7 
40.5 
26.5 
12.7 
10.6 

aoi 

31 
2 

S.J. 

aoo 

211 

Undried. 

4,000 

3L6 

7.6 

30.1 

1 

46 

600 

D 
C 


9.7 

40.6 

26.5 

12.7 

10.6 

201 

31 

3 

S.J. 

200 
210 
Undried. 
4,000 
31.6 
7.0 
38.6 
1 

45 

750 


9.7 

40.5 

26.5 

12.7 

10.6 

203 

31 

4 

S.J. 

200 

211 

Undried. 

4,000 

31.6 

7.5 

30.1 

1 

45 

1,100 

D 
B 


9.7 

40.6 

26.5 

12.7 

10.6 

201 

31 

5 

S.J. 

200 

210 

Undried. 

4,000 

31.6 

7.0 

88.6 

1 

45 

1,126 

B 
A 


9.7 

40.6 

26.5 

12.7 

10.6 

201 

31 

6 

S.J. 

200 

211 

Undried. 

4,000 

31.6 

7.6 

30.1 

1 

45 


i,aoo 

A 
A 


9.7 

40.5 

26.5 

12.7 

10.6 

192 

31 

7 

S.J. 

200 
210 
Undried. 
4,000 
31.6 
7.0 
38.6 
1 


1,076 


9.7 
40.5 
26.5 
12.7 

ia6 

201 

31 

8 

8.  J. 

200 

210 

Undried. 

4,000 

31.6 

7.0 

38.6 

1 

46 

1,525 

A 
A 


9.7 

40.5 

26.5 

12.7 

10.6 

199 

31 

6 

8.  J. 

200 

209 

Dried. 

4,000 

15.7 

6.0 

21.7 

1 

44 


1,000 

B 
B 
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Laboratory  brtqueUing  tests  of  Pittsburgh  No.  17  with  sulpkUe4iquor  hinder. 


Test  No. 

L218. 

L219. 

L220. 

L221. 

L222. 

L223. 

L224. 

L231. 

SbeasDsed: 

Orer  i  inch,  per 
oent 

9.7 
40.5 
26.6 
12.7 

ia6 

199 

32 

3 

S.J. 

200 

210 

Undried. 

4,000 

31.6 

6.0 

37.6 

i 

45 

9.7 

40.5 

26.6 

12.7 

10.6 

197 

32 

4 

S.J. 

200 

209 

Undried. 

4,000 

31.6 

6.0 

37.6 

1 

46 

9.7 

40.6 

26.5 

12.7 

10.6 

201 

32 

5 

S.J. 

200 

209 

Undried. 

4,000 

31.6 

6.0 

37.6 

1 

46 

9.7 
40.5 
26.6 
12.7 

ia6 

201 

32 

6 

S.J. 

200 

210 

Undried. 

4,000 

31.6 

6.6 

38.1 

1 

46 

9.7 

40.5 

26.5 

12.7 

10i6 

196 

32 

7 

S.J. 

200 

208 

Undried. 

4,000 

31.6 

6.5 

37.1 

46 

9.7 

40.5 

26.6 

12.7 

10l6 

196 

32 

8 

S.J. 

200 

200 

Undried. 

4,000 

31.6 

6.0 

37.6 

1 

46 

9.7 

40.5 

26.5 

12.7 

10.6 

196 

32 

9 

S.J. 

200 

206 

Undried. 

4,000 

31.6 

6.5 

38.1 

4 

46 

9  7 

A  to  i  inch,  per 
cent 

40  5 

AtoAliich,pcr 

26  5 

AtoAinch,per 
cent 

ThrooghAinob* 

percent 

Briqoetti^  temper- 

12.7 
10.6 

Binder 

Lot  No 

32 

Amount   used, 

percent 

MeUiod    of   heftting 
oaed 

6 
S.J, 

Wekhtof: 

Mixture    used. 

200 

BBqaet^ayeEBge, 
ffninuf 

207 

Omidftion  of  fuel, 

dried  or  undrled . . . 

Pressure  used,  pounds' 

Msasr* '"*•••• 

In  ftiel,  percent.. 
Added  In  heating, 

per  cent 

In  briquet  mix-' 

tore,  percent.. 
LfMttof  Seating, 

Bedoctton  of  volume' 
by    pressing,    per 

Dried. 

4,000 

15.7 

5.0 

20.7 

h 

43 

Gkushinff  strength, 
pomida  per  square 

450 

Quality  of  briquet: 
Freeh 

E 

E 

E 
E 

E 
B 

D 
D 

D 
D 

D 
D 

D 
D 

D 

Air-dried 

C 

The  North  Dakota  lignite  represented  by  Pittsburgh  No.  17  can  be 
briquetted  without  binder  by  pressure  alone  if  partly  dried  and 
heated  with  steam  before  pressing.  The  dried  fuel  that  was  bri- 
quetted without  binder  contained  14.1  per  cent  of  moisture.  The 
undried  fuel  was  not  satisfactorily  briquetted  without  binder. 

With  6  per  cent  of  water-gas  pitch  better  briquets  could  be  made 
from  the  dried  than  from  the  undried  fuel,  whereas  8  per  cent  did  not 
produce  as  good  results  with  the  undried  fuel. 

Four  per  cent  of  flour  binder  was  required  to  make  satisfactory 
briquets  of  this  fuel  in  an  undried  condition,  and  6  per  cent  of  flour 
was  sufficient  to  make  excellent  briquets  with  the  imdried  fuel. 

Nine  per  cent  of  sulphite  liquor  Got  No.  32)  was  insufficient  to 
make  fair  briquets  from  this  undried  fuel,  but  6  per  cent  made  good 
briquets  when  the  dried  fuel  contained  15.7  per  cent  of  moisture. 
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The  sample  had  the  following  analysis: 

ProximaJU  onalytiB  (cu  received), 

Pcroeot. 

Moisture 31.  W 

Volatile  matter 31. 70 

Fixed  carbon 31. 27 

Aat S.04 

Sulphur 46 

Heating  value B.  t.  u..  7, 353 

TESTS   WITH  PENNSYLVANIA  ANTHSAOITE   CULH. 

The  data  obtained  from  laboratory  tests  of  Pennsylvania  anthra- 
cite culm  (Pennsylvania  No.  3^)  and  various  binders  are  given  in  the 
following  table: 

Laboratory  briqruetUng  teste  of  Pennsylvania  culm  with  ceU^pitch  hinder. 


Test  No. 


L80^ 


L8L 


Briqaetting  temperature,  *F 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  used 

Weixhtof: 

Hizture  used,  grams 

Briquet,  average,  erams 

Condition  oifuel,  driea  or  undried 

Pressure  used,  pounds  per  square  inch 

ICoisture  added  In  heating,  per  oent 

Length  of  heating,  minutes 

Reduction  of  volume  by  pressing,  per  oent . 
Crushing  strength,  pounds  per  square  inch . 
Quality  of  briquet: 


176 

27 

3 

Oas  flame. 

212 

203 

Undrled. 

4,000 

4.5 


308 

27 

8 
8.  J. 

200 


UndrtML 
4,000 


Air-dried.. 


2,700 

B 
A 


Laboratory  briquetting  teste  of  Pennsylvania  eulm  with  sulpkUe-liquor  binder. 


Test  No. 

L77A. 

L77B. 

Lnc. 

L78. 

L82. 

L8S. 

Briquetttaig  temperature,  •  F. . 
Lot  No 

Cold. 

34 

10 

Cold. 

200 
200 

Undiied. 

40 

2,600 

D 
A 

201 

84 

5 

Gas  flame. 

200 

200 

Undrled. 

4,000 
Until  warm. 

40 

2,800 

B 
A 

180 
84 

1 
Gas  flame. 

200 
200 

Undztod. 

4,000 
Until  warm. 

40 

158 

34 
4.3 
Heated 
in  mold. 

200 

200 

Undrtod. 
4,000 

Cold. 

34 

5 

Cold. 

200 
200 

Undxtod. 

6,000 

Hot. 
34 

Amount  used,  per  cent. . . . 
Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams... 

OoDdition  of  fiiel,^ied  or  un- 

dried. 

steam  Jet. 
aoo 

200 

Unditod. 

Pressure  used,  pounds  per 

T jmgth  of  hAAting,  miPUtW .  , 

6,000 

d3 

Reduction  of  volume  by  pren- 

CrSirngBtrength/pcirndsper 
sqnarft  Inoh ^ 

44 

QnaUty  of  briquet: 

Frsih. ...,,..,. ,.., 

B 
E 

C 

B 

C 

B 

K 

Air-ditod.? 

K 

•  flaatobte,] 

p.  40. 

Digitized  by 

^OO^ 

;le 

LABOBATOBT  INVBSTIOATIONS  OF  BINDEBS  AND  FUELS.  79 

Laboratory  briqueUiing  UaUofPenruylvania  culm  wUh  tvlphiU-Uqaar  biiuier— Continued. 


Brimnttfng  temperetute,  *F 

LotNo 

Amoont  used,  per  cent 

liBtlud  of  heating  used 

Wdditof: 

KixtorB  naed,  grams. 

Briquet,  average,  grams 

CoDilitionoffoel.&edorundried 

PiessoTB  used ,  iwunds  per  square  loch 

Moitture  removed  In  heating,  per  cent 

Length  of  heating,  minutes 

IZednetton  of  volume  by  pressing,  per  cent. . 
Craving  strength,  jxmnas  per  square  indi. . 
Quality  of  briquet: 

Fresh 

Alr-drled 


Test  No. 


L86. 


Hot 

34 

5 

Oven. 

200 
200 

Dried. 

10,000 


15 


L84. 


176 

34 

6 

Oas  flame. 

200 

»7.5 

Dried. 

6,000 


48 


L86.a 


CokL 

34 

6 

Cold. 

200 
200 


6,000 


Hot  molds 

40 

2,800 

C 
A 


•  Test  86  was  made  with  a  mixture  of  50  per  cent  each  of  Pittsburj^  slack  and  anthracite  culm. 

A  sample  of  Pennsylvania  anthracite  culm  and  3  per  cent  of  cell 
pitch  made  strong  briquets.  However,  better  results  were  obtained 
by  heating  the  mixture  with  a  gas  flame  before  pressing  than  when  a 
steam  jet  was  used. 

With  10  per  cent  of  sulphite  liquor  pressed  cold,  the  briquet  was 
Teiy  soft  while  fresh  and  had  hardly  strength  enough  to  stand  con- 
Teyance  to  storage.  With  5  per  cent  of  sulphite  liquor  heated  over 
a  gas  flame  before  pressing,  excellent  briquets  were  obtained. 


TESTS   WITH   PHILIPPIXE   LIGNrTE. 

The  data  obtained  from  laboratory  tests  of  Philippine  lignite  (Pitts- 
burgh No.  112^)  and  various  binders  are  given  in  the  following  tables: 

Laboratory  hnquetiing  tests  of  Philippine  lignite  withotU  binder. 


Test  No. 


LOT. 


LOS. 


LU7. 


L11&. 


LllO. 


Bissasused: 

Over  llneh,  percent 

A  to  finch,  per  cent 

Throogii  A  ineh,  per  cent. 
BiiqaettiQK  temperature,  *F. . , 
Binder,  amoant  used,  per  oent. 

Method  of  heating  used. 

WsWitofc 

Mixtnre  ii88d,  grams. 

Briquet,  avenge,  grams 

Condition  of  fuel,  oMed  or  undried. 


8.3 

aO.3 

24.8 

9.6 

7.0 

Hot. 

None. 

8.  J. 


Bd,  poondfl  per  square  Inch., 
tottf  per  eei ' 


,.  reent 

Mbirtara  added  in  heating,  per  oent 
'  ot 


Moirtufa  In  brignety  per  oenl 
LsDgtb  Oi  AfltttflBg,  nunvtss  •  i. 
Mnrtiop  of  TOlnme  by  pnsitaig,'  per  oant^l 
Quality  of  tifiqiMt: 


14,000 
20.0 


Alt^^iitd. 


8.3 

60.3 

34.8 

0.6 

7.0 

Hot. 

None. 

8.  J. 

180 


0.0 
0.0 
0.0 
0.0 
100.0 

8.  J. 
200 

i^ 

14.000 
10.0 

^, 

B 
B 


0.0 
0.0 
0.0 
0.0 
100.0 

None. 
8.  J. 

160 

90,000 
10.0 

B 

B 


Si 


1.0 
14.0 
30.0 
27.7 
27.3 


[one. 
8.  J. 

160 

(«) 

l/ndried. 

80.000 

20.0 

B 
B 


3nglc 


•  0Mtabto,p.l4O. 


»Notd«t«iniaed. 


•  Nootmtd*. 
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Labofoiary  brtquOUng  testi  of  Philippine  lignOe  with  waUr^ffot  pitth  binder. 


Test  No. 


L96. 


Lgfi. 


LOO. 


LIOO. 


LlOl. 


Bice  as  used: 

Over  i  Ineh,  per  cent 

i^totindi,percent 

A  to  ^  inch,  per  cent 

A  to  A  Incb,  per  cent 

Through  ^  inch,  per  cent 

Briquettlng  temperature,  *F 

Binder: 

Lot  No 

Amount  used,  per  cent 

Method  of  heat  ing  used 

Welrhtof: 

Mixture  used,  grams 

Briquet,  average,  muns 

Condition  of  fuel,  driea  or  undried 

Pressure  used,  pounds  per  square  inch . . . 
Moisture: 

Infuel,peroent 

Added  in  heating,  per  cent 

In  briquet,  per  cent 

Length  of  heating,  minutes 

Reduction  of  volume  bj  pressing,  per  eeat 
Crushing  strength,  pounds  per  square  inch 
Quality  of  briquet: 

Fresh 

Air-dried 


8.3 
50.3 
24.8 
0.6 
7.0 
163 

36 

4 

S.J. 

200 
206 
Undried. 
6,000 

20.0 
6.0 
36.0 

43.3 
060 

C 

B 


8.3 
50.3 
34.8 
0.6 
7.0 
136 

36 

6 

S.J. 

200 
205 
Undried. 
6,000 

20.0 
4.6 
24.6 

SO.  7 
1,400 

B 
A 


0.0 
54.8 
27.0 
10.6 
7.6 
131 

36 

8 

S.  J. 

200 
203 
Undried. 
6,000 

20.0 
4.5 
34.5 

40.7 
1,675 

A 

A 


0.0 
54.8 
27.0 
10.6 
7.6 
147 

36 

4 
S.J. 

200 

200 

Dried. 

6,000 

5.0 
5.0 
10.0 

625 

D 
C 


1.0 
14.0 
30.0 
27.7 
27.3 

143 

26 

6 

B.J. 

200 

206 

I>ried. 

6,000 

5.0 
4.5 
0.5 

43.0 
1,060 

B 
A 


Laboratory  briquetHny  tettt  of  Philippine  li^ite  toith  wheat-flour  binder. 


Test  No. 

L144. 

L156. 

L  115. 

L157. 

L184. 

L146. 

Sise  as  used: 

Over  J  inch,  per  cent 

0.0 
14.1 
30.6 
38.0 
27.3 

101 

31 

4 

B.J. 

200 

210 

Undried. 

6,000 

20.0 

7.5 

27.5 

1,550 

B 
A 

0.0 
14.1 
30.6 
28.0 
27.3 

103 

31 

5 

8.  J. 

200 

211 

Undried. 

6,000 

20.0 
7.0 
27.0 
1 
44.6 
1,400 

B 
A 

1.0 
14.0 
30.0 
27.7 
27.3 

138 

31 

6 

B.J. 

200 

210 

Undried. 

6,000 

20.0 
8.0 
28.0 
2 
46.1 
1,550 

B 
aA 

0.0 
14,1 
30?6 
28.0 
27.3 

102 

31 

6 

S.J. 

200 

310 

Undried. 

6,000 

20.0 
7.0 
27.0 
1 
44.6 
1,436 

B 
B 

0.0 
14.1 
30.6 
28.0 
27.3 

172 

31 
6 

a.  J. 

30O 

210 

Undried. 

6,000 

20.0 
6.0 
26.0 
1 
45.0 
1,200 

A 

ao 

A  to  J  hieh,'  per  cent 

14.1 

JW  to VW  incfi/per  cent 

30.6 

A  to  JW  inch,  per  cent 

28.0 

liirough  A  inch,  per  cent 

27.3 

RriqiiAttinir  temnerature.  "F 

107 

BtaSer:              ^^       ' 

Lot  No 

31 

Aiiioiint  ufwd,  per  cent 

8 

Method  of  heating  used 

S.J. 

Weiahtof: 

200 

Briquet,  avoage,  grams 

200 

Condition  of  fuel,  ^ied  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture: 

In  fulfil,  per  cant , 

Undried. 
6,000 

20.0 

Addml  m  heating,  vw  wn*- 

6.5 

In  briquet,  per  cent 

36.5 

'--ength  of  fieaillng,  ■niinutes r  

I 

Reduction  of  volume  by  pressing,  per  cent . 
Crushing  strength,  pounds  per  square  inch. 
QuaUty  of  briquet: 

Fresh 

43.6 
1,976 

A 

Air-dried 

A 

a  Water  cracks  due  to  too  mnoh  heating. 
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Laboratory  briquetting  tests  of  Philippine  lignite  with  wheatrjUmr  Mrufer— Continued. 


Test  No. 


Llll. 


L112. 


L113. 


Sjseasused: 

Over  i  Ixich,  per  cent 

tV  to  finch,  per  cent 

^  to  ^  inch,  percent 

A  to  ^  inch,  per  cent 

Through  A  mch,  per  cent 

Briqoettlng  temperature,  *F 

Lot  No 

Amount  uaed,  per  cent 

Method  of  heating  used 

Wekhtof: 

Mixture  used,  grams. 

Briquet.  aTerace.  grams 

Condition  or  fuel,  oned  or  undried 

Pressure  used,  iwunds  per  square  inch 

Moisture: 

In  fuel,  ner  cent 

Added  m  heating,  percent 

In  briquet,  per  cent 

LeAgth  of  nesting,  minutes 

Reduction  of  Tolume  by  pressing,  per  cent. 
Crushing  strength,  pounds  per  square  inch 
Quality  of  briquet: 

Fresh. 

Air-dried 


1.0 
14.0 
30.0 
27.7 
27.3 

146 

3i 

4 

S.J. 

200 

204 

Dried. 

6,000 

5.0 
4.5 
0.5 

J\ 

0.0 

£ 
£ 


1.0 
14.0 
30.0 
27.7 
27.3 

140 

31 

*   6 

8.  J. 

200 

205 

Dried. 

6,000 

6.0 
4.6 

0.5 

0.0 

£ 
E 


1.0 
14.0 
30.0 
27.7 
27.3 

168 

31 

8 

S.J. 

200 

204 

Dried. 

6,000 

5.0 
4.5 
9.5 

0.0 

£ 
E 


Laboratory  briquetting  tests  of  Philippine  lignite  with  cornstarch  binder. 


Test  No. 


L138. 


L139. 


L103. 


L104. 


L105. 


L106. 


Site  as  used: 

0  ver  J  inidi ,  per  cent 

iV  to  i  inch,  per  cent 

iV  to  1^  inch,  per  cent 

^to^inch,  percent 

Through  A  inch,  per  cent 

Briouetting  temperature,  "F 

Lot  No. 

Amount  used,  percent 

Method  of  heating  used 

Weiehtof: 

Hirture  used,  grams 

Briquet,  avenge,  grams 

Gondition  of  fuel,  dried  or  undried 

Pressu^  used,  pounds  per  square  inch 

Moisture: 

In  fuel,jper  cent. 

Added  m  heating,  per  cent 

In  brigoet,  per  cent 

Length  of  neating,  minatesu 

BeducUon  of  volume  by  pressing,  per  cent. 
Crushing  strength,  poun(U  per  square  inch . 
Quality  of  briquet: 

Tnah 

Air^lried 


1.0 
14.0 
30.0 
27.7 
27.3 

181 

35 

3 

S.J. 

200 

210 

Undried. 

6.000 

20.0 
7.0 
27.0 
2 
45.3 
1,160 

D 
B 


1.0 
14.0 
30.0 
27.7 
27.3 

156 

35 

5 

S.J. 

200 

205 

Undried. 

6.000 

20.0 
3.5 
23.5 

u\ 

1,226 

C 
B 


1.0 

.  14.0 

30.0 

27.7 

27.3 

147 

35 

3 

S.J. 

200 

203 

Dried. 

6,000 

5.0 
4.5 
9.5 


0.0 


1.0 
14.0 
30.0 
27.7 
27.3 

149 

35 

5 

S.J. 

200 

204 

Dried. 

6,000 

5.0 
4.5 
9.5 

37.0 
0.0 

D 
aD 


1.0 
14.0 
30.0 
27.7 
27.3 

149 

35 

6 

S.J. 

200 

202 

Dried. 

6,000 

5.0 
3.6 
8.5 

38.5 
0.0 

D 
aD 


1.0 
14.0 
30.0 
27.7 
27.3 

140 

36 

7 

S.J. 

200 

201 

Dried. 

6,000 

6.0 
2.6 
7.5 

35.5 
0.0 

D 
aD 


a  Briquets  were  too  dry. 
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Laboratory  hnqiuUing  testa  of  Philippine  lignite  with  oell-piteh  binder. 


TestNa 


L140. 


L143. 


L142. 


L141. 


L107. 


L108. 


Sixeasused: 

Over  i  Inch,  per  cent. 

^  tot  inch,  per  cent 

^  to  ^  inch,  per  cent 

A  to  ^  Inch,  per  cent 

Through  ^  inch,  per  cent 

Briqaettlng  temperature,  *F 

Lot  No. '. 

Amount  used,  per  cent 

Method  of  heating  used 

Weight  of: 
•    Mixture  used,  grams 

Briquet,  avenge,  grams 

Condition  of  fuel,  aried  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture: 

In  fuel,  per  cent. 

Added  in  heating,  per  cent 

In  biiauet,  per  cent 

Length  of  neatlng,  minotes 

Reduction  of  volume  by  pressing,  per  cent. 
Crushing  strength,pound8persquare  inch. . 
Quality  of  briquet: 

Fresh 

Air-dried 


1.0 
14.0 

ao.o 

27.7 
27.3 
148 

27 

4 
8.  J. 

200 
204 
Undried. 
6,000 

20.3 
3.6 
23.8 

«.} 

800 

D 
C 


1.0 
14.0 
30.0 
27.7 
27.3 

180 

27 

6 

B.J. 

200 
207 
Undried. 
6,000 

20.3 

4.6 

24.8 

000 

D 
C 


1.0 
14.0 
30.0 
27.7 
27.3 

167 

27 

6 

S.J. 

200 
206 
Undried. 
6,000 

20.3 
4.6 
24.8 


1.0 
14.0 
30.0 
27.7 
27.8 

162 

27 

7 

S.J. 

200 
205 

Undried. 
6,000 

20.3 
4.0 
24.3 

«1 

050 

C 
B 


1.0 
14.0 
30.0 
27.7 
27.3 

147 

27 
4 

S.J. 

200 

200 

Dried. 

6,000 

6.0 
6.6 

10.6 

«!l 

476 

D 
D 


1.0 
14.0 
30.0 
27.7 
27.3 

135 

27 
5 

S.J. 

200 

210 

Dried. 

6,000 

5.0 
6.0 
11.0 

450 

D 
D 


Test  No. 


LIOO. 


L 146.        L 110. 


L147. 


Sixsasosed: 

Over  i  inch,  per  cent. 

A  tot  inch,  per  cent 

A  to  ^  inch,  per  cent 

3A>toAiiich.peroent 

Through  A  mch,  per  cent 

Briqnetting  temperature,  *F 

LotNa 

Amount  used,  per  cent. 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  avenge,  grams 

Condition  of  fuel,  dried  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture: 

In  fuel,  per  cent 

Added  in  heating,  per  cent 

In  briquet,  per  cent 

Length  of  heating,  minutes 

Reduction  of  volume  by  pressing,  per  cent. 
Crushing  strength,  pounds  per  square  inch. 
Quality  of  briquet: 

Fresh 

Air-dried 


1.0 
14.0 
30.0 
27.7 
27.3 

131 

27 

6 

8.  J. 

200 

210 

Dried. 

6,000 

6.0 
6.0 
11.0 

42.0 
676 

D 
C 


0.0 
14.1 
80.6 
28.0 
27.3 

176 

27 

6 

8.  J. 

200 

207 

Dried. 

6,000 

10.0 
4.6 
14.6 

«.i 

776 

C 
B 


1.0 
14.0 
80.0 
27.7 
27.3 

138 

27 

7 

S.J. 

200 

200 

Dried. 

6,000 

6.0 
6.0 

n.o 

42.6 
776 

C 
C 


0.0 
14.1 
30.6 
28.0 
27.3 

196 

27 

6 
S.J. 

200 

20B 

Dried. 

6,000 

15.0 

5.6 

20.5 

ui 

960 

C 
B 
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LaboraJtory  briquetting  testt  of  Philippine  lignite  with  tulphite-liqucr  binder. 


Test  No. 


L148. 


L140. 


L150. 


L151. 

L116. 

0.0 

1.0 

14.1 

14.1 

30.6 

30.0 

28.0 

27.7 

27.3 

27.3 

211 

218 

34 

34 

7 

4 

8.  J. 

S.J. 

200 

200 

206 

216 

Undried. 

Dried. 

6,000 

6,000 

20.3 

6.0 

5.6 

9.0 

26.8 

14.0 

40.0 

Jt 

626 

460 

C 

D 

C 

C 

L162. 


Sice  ta  used: 

Over  i  inch,  per  cent 

A  tot  inch,  per  cent 

Ato^iuchiP^oent 

Atoj^hich.pcroent 

Throagh  ^  mch.  per  cent 

Briqaetting  temperature,  *F 

Lot  No. 

Amount  used,  per  cent 

Method  of  heating  used 

Weiehtof: 

Mixture  used,  grains 

Briqaet.  average,  grams 

CoDditifln  of  fuel,  dried  or  undried 

Prasore  used,  pounds  per  square  Inch 

Moisture: 

In  fuel,  per  cent 

Added  in  heating,  per  cent 

In  briquet,  per  cent 

Length  of  neating,  minutes 

Redocticii  of  volume  by  pressing,  per  cent. 
Crshing  strength,  pounds  per  square  inch. 
Qiallty  of  briquet: 

Fresh 

Air-dried 


0.0 
14.1 
30.6 
28.0 
27.3 

211 

34 
4 

S.J. 

200 
207 
Undried. 
6,000 

20.3 
5.6 
26.8 

36.4 
725 

D 
C 


0.0 
14.1 
30.6 
28.0 
27.3 

212 

84 

6 

S.J. 

200 
208 
Undried. 
6,000 

20.3 
6.0 
26.3 

775 

D 
C 


0.0 
14.1 
30.6 
28.0 
27.3 

210 

34 

6 
S.J. 

200 
208 
Undried. 
6,000 

20.3 
6.0 
26.3 

40.0 
600 

D 
C 


1.0 
14.1 
30.6 
27.7 
27.3 

206 

34 

4 
S.J. 

200 

206 

Dried. 

6,000 

7.1 
4.0 
11.1 

36.0 
500 

D 
C 


Test  No. 


L 153.        L 164. 


L155. 


Size  as  used: 

Over  ^  inch,  percent 

iV  to  i  inch,  per  cent 

A  to  ^  inch,  per  cent 

A^to  A  inch,  percent 

Through  ^  inch,  per  cent 

Brtooetting  temperature,  "F 

iStNo 

Amount  used,  per  cent 

MeOiodofheattaigused 

Wekhtof: 

iUxture  used ,  grams 

Briquet,  averase,  grams 

Condition  of  fuel,  dried  or  undried 

Prennre  used,  pounds  per  square  inch 

Moisture: 

In  ftiel,_per  cent 

Added  In  tieatfaig,  per  cent 

In  briquet,  per  cent 

Uqcth  of  neating,  minutes 

Redaction  of  yolume  by  pressing,  per  cent. 
Crndiing  strength,  pounds  per  square  inch. 
QoaUtyofhiiquet: 

Fnah. 

iUr-dried 


1.0 
14.0 
30.0 
27.7 
27.3 

200 

34 

6 

S.J. 

200 

207 

Dried. 

6,000 

7.1 
4.6 
11.6 

36.5 
600 

D 
C 


LO 
14.0 
30.0 
27.7 
27.3 

211 

34 

8 

S.J. 

200 

209 

Dried. 

6,000 

7.1 
5.5 
12.6 

40.0 
725 

D 
C 


1.0 
14.0 
30.0 
27.7 
27.3 

210 

34 

7 

S.J. 

200 

200 

Dried. 

6,000 

7.1 
6.0 
12.1 

«.} 

700 

D 
D 


All  tests  without  binder  failed  to  produce  briquets  that  could  be 
taken  from  the  mold  without  breaking. 

With  6  per  cent  of  water  gas  pitch  binder  fairly  good  briquets  were 
made  from  this  lignite  either  in  a  dried  or  undried  condition;  8  per 
cent  of  ihe  water  gas  pitch  made  excellent  briquets  when  the  fuel 
was  dried;  4  per  cent  of  the  water-gas  pitch  made  a  fair  briquet  of  the 
undried  fuel. 
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As  low  SB  4  per  c^it  of  wheat  flour  made  excellent  briquets  of  the 
undried  fuel,  but  even  8  per  cent  was  not  sufficient  to  briquet  the 
dried  fuel  containing  5  per  cent  of  moisture.  The  reason  may  be 
found  in  the  fact  that  to  obtain  the  adhesive  power  of  the  flour  it 
must  absorb  a  large  quantity  of  water  and  it  the  coal  is  too  dry  it 
absorbs  the  water  from  the  steam  used  for  heating,  and  the  flour  is 
not  thoroughly  glutinized. 

The  imdried  fuel  and  6  per  cent  of  cell  pitch  made  satisfactory 
briquets  although  they  required  careful  handling  when  fresh  from 
the  press.  Those  made  with  8  per  cent  were  much  stronger  when 
fresh,  but  when  cold  differed  very  little  from  the  6  per  cent  briquets. 
Comparison  of  tests  Nos.  109  and  147  shows  that  briquets  in  which 
15  per  cent  of  moisture  was  present  were  much  stronger  than  those 
with  5  per  cent  of  moisture. 

Sulphite  liquor  did  not  make  a  satisfactory  binder  either  with  the 
dried  or  undried  fuel. 

Five  per  cent  of  cornstarch  with  the  undried  fuel  was  not  sufficient 
to  produce  a  briquet  that  was  strong  when  fresh.  With  the  fuel 
dried  to  contain  only  5  per  cent  of  moisture,  7  per  cent  of  cornstarch 
did  not  give  satisfactory  briquets,  again  illustrating  the  important 
part  that  the  proper  proportion  of  moisture  plays  in  briquetting 
lignite. 

The  source  and  analysis  of  this  fuel  sample  are  to  be  foimd  under 
"Details  of  Briquetting  Tests." 

TESTS   WITH  PmSBUROH  BITUMINOUS   SLACK. 

The  data  obtained  from  laboratory  tests  of  Pittsburgh  bituminous 
slack  and  various  binders  are  given  in  the  following  tables: 

Laboratory  briquetting  tests  of  Pittsburgh  slack  with  water-gas  pitch  binder. 


Test  No. 


L61. 


L68. 


L«. 


Briquetting  temperature,  "F 

Binder: 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  uaed 

Weichtof: 

{fixture  used,  grams. 

Bilquet.  average,  srams 

Condition  of  ftiel,  dried  or  undried 

Pressure  used,  pounds  per  square  inch 

Crushing  strength,  pounds  per  square  Inch. . 
Quality  of  briquet: 

Freah. 

Air-dried 


158 

26 

6 

8.  J. 

200 


Undried. 
4,000 
2,220 

A 
A 


161 

26 

6 

8.  J. 

200 

198 

Undried. 

4,000 

2,100 

A 
A 


IM 

26 

8 
8.  J. 

200 

196 

Undried. 

4,000 

2,800 

A 
A 
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LaboToiory  briqueUiTig  Ust$  ofPiUsburgh  thek  tnth  eonuiardi  binder. 


Test  No. 
L70. 


Brimietting  tempcnture,  "F 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  used 

Weichtof: 

iDxtiire  used,  grams 

Briquet.  BTongo,  Rrams 

Condition  oi  fuel,  dried  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture  added  in  heating,  i>6r  cent 

Crashing  strength,  ixiunas  per  square  inch 
QoaUtyorhriquet: 

Fresh 

Air-drled 


203 

36 

80 

8.  J. 

200 

213 

Undried. 

4,000 
0w6 

2,100 

A 
A 


Laboratory  briquetting  tuts  of  Pittsburgh  slack  with  hardwood-tar  pitch  binder. 


Test  No. 

LOO. 

L69. 

L06. 

LOB. 

LOO. 

DriniiAttiiMr  tf^miwratim.  "F 

Ifi8 

29 
•  4 

8.  J. 

200 

200 

Undried. 

4,000 

1,760 

A 

A 

166 
29 

8.  J. 

200 

200 

Undried. 

4,000 

1,000 

A 
A 

107 

29 

^4 

8.  J. 

200 

200 

Undried. 

4,000 

1,960 

A 
A 

166 

29 

66 

8.  J. 

200 

200 

Undried. 

4,000 

2,276 

A 
A 

107 

BlSer: 

Lot  No 

29 

Amount  Uffed.  per  cent 

^6 

Method  of  heating  nsed , . ,           

8.  J. 

Wei^tof: 

200 

Bnquet .  averMe,  grams 

200 

Condltidiio/fuel,  dried  or  undried 

Undried. 

PrMxnre  used ,  pc^ifu)^  p^r  square  inch 

4,000 

Crashing  strength.  Doimds  per  square  inch 

2,100 

QoaUtyc/Sriquet:^^     ^^ 

Fterii....- 

A 

Air-dried 

A 

a  Binder  mixed  cold.  &  Binder  used  in  melted  form. 

Laboratory  briquetting  tests  of  Pittsburgh  sladt  with  cell-pitch  binder. 


Test  No. 


L92. 


L8& 


L87A. 


L87B. 


Briquetting  temperature,  *F 

LotNo 

Amount  used,  per  cent 

Method  of  heating  used 

Weight  of: 

lOxtnre  used,  grams 

Briquet,  average,  grams 

CoDditioo  of  fuel,  driedor  undried 

Pressure  used,  pounds  per  square  inch 

Moisture  added  in  beacing,per  cent , 

Lcntth  of  heating,  minutes 

Condition  of  mold. 

Redaction  of  volume  by  pressing,  per  cent 
Crushing  strength,  pouniu  per  square  inch 
QoBlity  of  briquet: 

Fresh 

Air-dried 


151 

27 

2 

8.  J. 

200 

206 

Undried. 

0,000 

4.6 

Hot. 

37 

1,600 

B 
A 


150 

27 

4 

8.7. 

200 

200 

Undried. 

0,000 

4.5 

Hot. 

41 

2,860 

B 
A 


194 

27 

5 

8.  J. 

200 


Undried. 
0,000 


39 


194 

27 

6 

8.  J. 

200 

204 

Undried. 

0,000 


89 
8,300 

B 
A 
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Laboratory  briquMng  teits  of  Pittsburgh  slack  toUh  oeU-pUdi  Under— Oontinued. 


TestNa 


L89. 


L9a 


L«. 


L03. 


Briquetting  tomperatore,  *F 

Binder: 

Lot  No 

Amoant  used,  percent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Conditioinoifuel,  ariedarundried 

Pressure  used,  pounds  per  square  inch 

Moisture  added  in  heating,  per  cent 

Length  of  heating,  minutes 

Conaition  of  mola 

Reduction  of  volume  by  pressing,  per  cent. 
Crushing  strength,  pounds  per  square  inch. 
Quality  of  briquet: 

Fresh 

Air-dried 


in 

27 

6 

S.J. 


206 

Undried. 

6,000 

4.5 

Hotandoda. 
87 
8,800 

A 

A 


144 

27 

8 

S.J. 

200 

204 

Undried. 

6.000 

3.0 

Hotandoold. 
86 

8,400 

aA 

A 


156 

27 

8 

8.  J. 

205 
—  204 
Undried. 
6,000 

2.5 

CoIfT 

36 

3,800 

A 
A 


143 

27 

10 

B.J. 

200 

205 

Undried. 

6,000 

4.0 

30 
3,700 

«A 
A 


a  Material  stock  to  plunger,  showing  ezoess  of  binder. 
Laboratory  briquetUng  tests  of  Pittsburgh  slack  wWi  sulpkUe4iquor  binder. 


TestNa 


LTl 


L73. 


L74A. 


L74B. 


L7&A. 


L75B. 


Briquetting  temi>erature,  *F 

Lot  No 

Amount  used,  percent , 

Method  of  heating  used 

Weight  of  mixture  used,  grams 

Conaition  of  fuel,  dried  or  undried , 

Pressure  used,  pounds  per  square  inch 

Length  of  heating,  minutes 

Reduction  of  volume  by  pressing,  per  oent. 
Crushing  strength,  pounds  per  square  inch. 
Quality  of  briquet: 

Fresh , 

Air-dried 


84 

8 

Cold. 

200 

Undried. 

4.000 

Cold. 

33 

1,700 

C 
A 


180 

34 
8 
B.J. 
200 
Undried. 
4,000 
U 


100 

34 
8 
&7. 
200 
Undried. 
4,000 
1 

86 
1,400 

B 
A 


IW 

84 
3 
B.J. 
200 
Undried. 
4,000 

si 

1,500 

B 
A 


203 

84 

4 

S.J. 

200 

Undried. 

4,000 

33 
1,100 

C 

B 


84 

4 

8.  J. 

200 

Undried. 

4,000 


4 


1,800 

B 
A 


Test  No. 


L76. 


L76B. 


L76C. 


L76D. 


Briquetting  temperature,  *F 

LotNo 

Amount  used,  per  cent. . 
Method  d  heating  used 


Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  01  fuel,  aried  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture  addM  in  heating,  per  cent 

Length  of  heatins,  minutes 

Reduction  of  vMume  bv  pressing,  per  cent.. 
Crushing  strength,  pounds  per  square  inch... . 
Quality  of  briquet: 

Fresh 

Air-dried 


Cold. 

84 

10 

Cold. 


200 
200 
Undried. 
4,000 


171 

84 
10 
Hot  mold 
only. 

200 

200 

Undried. 

4,000 


203 

84 

10 

S.J. 


200 


257 

34 

10 
Oas  flame. 


200 


Undried. 
4,000 


Undried. 
4,000 


Cold. 

86 

3,600 

A 
A 


Hot. 

36 

3,900 

A 
A 


C 
B-l- 


104 


4 

a.  J. 


200 

206 

Undried. 

4,000 

4.0 

1,025 

A 
A 
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LahonOary  hricfikMng  tttte  of  PUUlnarg  ilack  wUh  9u2phiU»4iquor  MncZsr— Oontinued. 


Tot  No. 


L288. 


L234. 


L235. 


L230. 


;  temperatore,  *F 

Lot  No 

Amount  used,  percent 

Method  of  beating  used 

Wetehtof: 

Mixtoreoaedygnms 

Briquet,  average,  grams 

Condlticn  oirftiel,^ed  orundried 

rreaeure  used,  pounds  per  square  inch 

Moisture  added  hi  heating,  per  cent 

Length  of  heating,  minutes 

RfKiuctloP  of  yohune  by  pressing,  per  cent. 
Crushing  strength,  poun(U  per  square  inch. 
Quattty  of  briquet: 

Fresh 

Air-diied 


IM 

32 

6 

8.  J. 

200 

205 
Undried. 
4,000 
8.5 

1,875 

A 

'A 


196 

82 

8 

S.J. 

200 

206 

Undried. 

4,000 

8.5 


2,300 

A 

A 


180 

32 

10 

8.  J. 

200 

_       206 

rundried. 

4,000 

4.0 


2,725 

A 
A 


192 

32 

12 

8.  J. 

200 

206 

Undried. 

4,000 

8.5 

3,000 

A 
A 


Laboratory  briqwttmg  testa  of  Pittsburgh  slack  toUh  water-yas  pitdi  and  cell-pitch  binders 

wsxed. 


Test  No.  LM. 


temperature,  *F. 


Lot  No.— 

28 

27 

Amount  used,  per  cent 

MeUiod  of  heating  used 

Weichtof: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  oi  fuel,  driea  or  undried 

Freasore  used,  pounds  per  square  inch , 

Moisture  addea  in  heating,  per  cent 

T^^mgrth  of  heating,  minutes , 

Reduction  of  volume  by  pres^ng,  per  cent. . 
Quality  of  briquet: 

I^esh 

AiiMlried 


194 


W.  O.  P. 

C.P. 
8  of  each. 

S.J. 

200 

206 

Undried. 

6,000 

5.0 


aC 

B 


a  Mixture  was  too  wet. 

Pittsbuigh  slack  was  easily  briquetted  with  6  per  cent  of  water- 
>  pitch.  All  briquets  made  of  this  fuel  and  binder  were  of  excellent 
quality.       ,  ^  , 

A  test  (L  70)  with^  cornstarch  and  bituminous  alack  showed  that 
3  per  cent  of, this  binder  is  sufficient^ to  make  excellent  briquets  of 
this  fuel.  ,  . 

Hardwood-tar  pitch  was  tested  with  Pittsburgh  slack.  This  binder 
is  soft  enough  to  be  cut  with  the  finger  nail  at  ordinary  temperatures. 
For  this  reason  it  was  with  difficulty  incorporated  with  the  fuel  when 
cold.  Better  mixtures  were  obtained  by  melting  the  binder  and  mix- 
ing it  with  the  fuel.  In  test  L  60  the  binder  and  the  fuel  were 
mixed  by  stilling  in  a  mortar.  Tests  L  65>  L  62,  and  L  66  were  made 
by  misdng  the  binder  in  a  melted  condition.  This  binder  made 
briquets  of  satisfactory  strength  when  as  low  as  4  per  cent  was 
920120-BiiU.  6^-13 7  *  rooalp 
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used,  but  for  commercial  purposes  5  to  6  per  cent  would  be  required 
to  give  the  briquet  sufficient  strength  and  hardness  to  withstand 
transporting  into  storage.  A  jet  of  steam  is  a  satisfactory  means  of 
heating  the  mixture  of  fuel  and  molten  pitch.  This  binding  material 
has  a  strong  characteristic  creosote  odor,  and  should  have  good  dis- 
infecting properties.  The  presence  of  this  odor  might  prevent  the 
use  of  this  binder  for  household  briquets. 

Cell  pitch  was  also  tested  as  a  binder  for  Pittsburgh  slack — 2,  4, 
5,  6,  8,  and  10  per  cent  being  used.  It  is  interesting  to  note  that 
only  2  per  cent  of  this  binder  produced  a  briquet  having  a  crushing 
strength  of  1,800  pounds  per  square  inch  when  cold  and  air-dried. 
A  6  per  cent  water  gas  pitch  briquet  has  a  crushing  strength  of  only 
about  2,100  pounds  per  square  inch.  The  higher  percentages  of 
this  binder  made  stronger  briquets.  It  should  be  said,  however,  that 
when  fresh  the  briquets  made  with  2,  4,  and  5  per  cent  of  this  binder 
were  slightly  soft.  If  the  mixture  is  heated  with  superheated  steam, 
the  moistwe  being  thus  kept  low,  there  should  be  no  difficulty  in 
producing  satisfactory  briquets  with  a  low  percentage  of  this  binder. 
The  great  drawback  with  this  binder  is  that  it  is  soluble  in  water 
and  easily  leached  by  a  rainstorm,  allowiog  the  fuel  particles  to  fall 
to  pieces. 

Experiments  were  made  with  Pittsburgh  slack  and  3  to  12  per 
cent  of  sulphite-liquor  binder.  Although  3  per  cent  of  this  binder 
is  sufficient  to  produce  briquets  that  are  strong  when  cold  and  air- 
dried,  they  are  fragile  when  fresh  and  would  not  stand  commercial 
handling  from  the  press  to  storage.  It  is  necessary  to  use  a  lai^er 
proportion  of  this  binder  to  make  briquets  of  sufficient  strength  when 
fresh  than  is  necessary  for  a  dried  and  cool  briquet.  It  is  therefore 
desirable  that  the  sulphite  liquor  be  used  in  as  concentrated  a  form  as 
possible. 

A  test  (L  94)  was  made  with  Pittsburgh  slack  and  3  per  cent  each 
of  water-gas  pitch  and  cell  pitch  to  determine  the  waterproofing 
qualities  of  the  former  in  connection  with  the  strong  qualities  of 
the  latter  binding  material.  When  fresh,  the  resistant  briquets 
were  very  weak  and  required  careful  handling,  but  after  having 
been  dried  and  cooled  they  were  much  stronger  and  appeared  to 
possess  satisfactory  water-resisting  qualities. 

TESTS   WITH  TEXAS  LIGNITE. 

The  data  obtained  from  laboratory  tests  of  Texas  lignite  (Pitts- 
burgh No.  9  *»)  and  various  binders  are  given  in  the  following  tables: 

aSeeteble».p.4a 
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Laboraiory  briquetting  te9t$  of  Texas  lignite  with  wOer-gae  pitch  binder. 


Test  No. 


L187.        L188.        L189.        L 190. 


L191. 


Slwasused: 

OTO-^Jnch,  per  cent 

A  to  1  inch,  per  cent 

A  to  ^  inch,  per  cent 

A  to  A  inch,  per  cent 

Tfarongh  A  meh,  per  cent 

BrfqoBtting  temperature,  *F 

Binder: 

Lot  No 

Amonnt  used,  per  cent 

Method  of  heating  used 

Weifhtof: 

Mixture  used,  grains 

Briquet,  average,  grams 

Conditioin  of  fuel,  (uiea  or  undrled 

Pressure  used,  pounds  per  square  inch 

Moisture: 

In  ftiel,  per  cent 

Added  in  heating,  percent 

In  briquet,  per  cent 

Length  of  heating,  minutes 

Kedoction  of  volume  by  pressing,  per  cent. 
Crashing  strength,  pounds  per  square  inch. 
Quality  of  briquet: 

Fresh 

Air-dried 


7.2 
30.6 
30.2 
15.9 
16.1 

196 

26 

4 

S.J. 

210 
208 
Undried. 
4,000 

18.2 

6.0 

23.2 

400 

C 
C 


7.2 
30.6 
80.2 
15.9 
16.1 

196 

20 

5 

B.J. 

211 
206 
Undried. 
4,000 

18.2 
5.5 
23.7 

650 

C 
C 


7.2 
30.6 
80.2 
15.9 
16.1 

192 

26 

6 

8.  7. 

210 

208 

Undried. 

4,000 

18.2 
5.0 

23.2 
JandJ 

43.5 
800 

B 
B 


7.2 
80.6 
30.2 
15.9 
16.1 

196 

26 

7 

B.J. 

211 
208 
Undried. 
4,000 

18.2 
5.5 

23.7 
iandf 

44.  S 
675 


7.2 
30.6 
30.2 
15.9 
10.1 

189 

26 

8 

B.J. 

210 

206 

Undried. 

4,000 

18.  *} 
5.0 

23.2 
iandf 

42.5 
960 

A 
A 


LahofraUrry  briquetting  tests  of  Texas  lignite  ivith  flour  hinder. 


Test  No. 


L192. 


L193. 


L194. 


L196. 


L196. 


L197. 


L198. 


Siieasuaed: 

Over  i  Inch,  per  cent 

iV  to  t  inch,  per  cent 

*  AtoAtoch,percent 

*  A  to  ^  inch,  per  cent 

Through  A  inch,  per  cent. . . 

Briquetting  temperature,  *F. . . . 

Lot  No 

Amount  used,  per  cent 

Method  of  beatmg  used 

Weight  of: 

MixtorB  need,  grams 

Briquet,  average,  grams — 
Condition  of  fuel,  dried  or  un- 
dried  

Pressure    used,    pounds    per 

square  inch 

Moisture: 

In  fuel,  per  cent 

Added  m  heating,  percent. . 

In  briquet,  per  cent 

Length  of  beating,  minutes 

Beduetlon  of  volume  by  press- 
ing, per  cent 

Crammg  strength,  pounds  per 

square  inch 

Quality  of  briquet: 

Fraah 

Air-dried 


7.2 
30.6 
30.2 
15.9 
16.1 

196 

31 

2 

B.J. 

212 
209 

Undried. 

4,000 

18.2 
6.0 

24.2 
1.0 

46 

750 

B 
B 


7.2 
30.6 
30.2 
15.9 
16.1 

194 

31 

8 

S.J. 

213 
209 

Undried. 

4,000 

18.2 
0.5 

24.7 
LO 

46 

900 

B 
B 


7.2 
30.6 
30.2 
15.9 
16.1 

196 

31 
4 

B.J. 

213 
210 

Undried. 

4,000 

18.2 
6.5 

24.7 
1.0 

46 

1,200 

A 
A 


7.2 
30.6 
30.2 
15.9 
16.1 

196 

31 

5 

8.  J. 

212 
209 

Undried. 

4,000 

1$.2 
0.0 

24.2 
LO 

46 

1,325 

A 
A 


7.2 
30.6 
30.2 
15.9 
10.1 

196 

31 

6 

B.J. 

212 
209 

Undried. 

4,000 

18.2 
6.0 

24.2 
LO 

46 

1,876 

A 

A 


7.2 
30.6 
30.2 
15.9 
16.1 

198 

31 

7 

S.J. 

212 

208 

Undried. 
4,000 

18.2 
6.0 

24.2 
LO 

46 

1,450 

A 
A 


7.2- 
30.6 
30.2 
15.9 
16.1 

198 

31 

8 

S.J. 

212 

209 

Undried. 
4,000 

18.2 
0.0 

24.2 
LO 

46 

1,475 

A 
A 
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iMoratory  brtqueUtng  testi  of  Texas  ligniU  ioith  eeU-pUeh  binder. 


Test  No. 
L123. 


Briquetting  temperature,  *F 

I^tNo 

Amonnt  used,  percent 

Method  of  heating  uaed 

Weight  of: 

Hixtoie  used,  grams 

Briquet,  average,  crams 

Condition  of  fuel,  oriea  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture: 

In  fuel,  per  cent 

Added  in  heating,  per  cent 

In  briquet,  peroent 

Lengt-h  of  heating,  minutes 

Crushing  strength,  pounds  per  square  inch. 
Quality  of  briquet: 

Fresh. 

Alr-drled 


Ifi3 

27 

8 

S.J. 

210 

207 

Undried. 

6,000 

18.2 
5.0 
23.2 

1,^ 

A 
A 


Laboratory  briqueUing  tests  of  Texas  lignite  wUh  svlphile'liqwoT  binder. 


Test  No. 


L211. 


L212. 


L213. 


L214. 


L215. 


L216. 


L217. 


Siseasused: 

Over^  Inoh,  per  cent 

iV  to  (inch,  per  cent 

^  to  ^  inch,  per  cent. .. . 

A  to  ^  inch,  per  cent.. . . 

Through  ^  inch,  per  cent . 
Briquettlng  temperature,  *F. 
Binder: 

Lot  No 

Amount  used,  per  cent . . 

■  Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  averam,  grams 

Condition  of  ftiel,  dned  or  un- 
dried  

Pressure    used,    pounds    per 

square  inch 

Moisture: 

In  fuel,  per  cent 

Added  In  heating,  per  cent . , 

In  briquet,  per  cent 

Length  of  heating,  minutes 

Reduction  of  volume  by  press- 

inff,  per  cent , 

Crushing  strength,  pounds  per 

square  inch 

Quality  of  briquet: 

Fresh 

Air-dried 


7.2 
80.6 
30.2 
15.9 
16.1 

192 

34 

3 

S.J. 

206 
206 

Undried. 

4,000 

18.2 

4.0 

22.2 

} 

46 

300 

D 
D 


7.2 
30.6 
30.2 
15.9 
16.1 

199 

34 

4 
S.J. 

210 
208 

Undried. 

4,000 

18.2 

5.0 

23.2 

} 

46 

800 

C 
C 


7.2 
30.6 
30.2 
15.0 
16.1 

196 

84 

5 

B.J. 

210 
207 

Undried. 

4,000 

18.2 

5.0 

23.2 

} 

45.5 

800 

C 
C 


7.2 
30.6 
30.2 
15.9 
16.1 

194 

34 

B.J. 

210 
207 

Undried. 

4,000 

18.2 

5.0 

23.2 

h 

45.5 


7.2 
30.6 
30.2 
15.9 
16.1 

199 

84 

7 

8.  J. 

210 
207 

Undried. 

4,000 

18.2 
5.0 
23.2 

47 


7.2 
80.6 
30.2 
15.9 
16.1 

194 

34 

8 

8.7. 

210 
206 

Undried. 

4,000 

18.2 

5.0 

23.2 

h 

47 


7.2 
30.6 

ao.2 

15.9 

16.1 

181 

34 

9 

8.  J. 

200 
206 

Undried. 

4,000 

18.2 

4.5 

22.7 

} 

47 
72S 


C 
B 


'  This  lignite  was  not  successfully  briquetted  without  binder.  Tests 
with  this  fuel  and  water-gas  pitch  showed  that  not  less  than  6  per  cent 
of  binder  would  give  a  fair  briquet,  and  that  even  8  per  cent  did  not 
furnish  what  might  be  called  an  excellent  briquet.  All  tests  were 
made  on  the  undried  fuel.  Three  per  cent  of  flour  made  a  good 
briquet,  and  4  per  cent  produced  an  excellent  briquet  in  both  strength 
and  appearance,  although  water  would  disintegrate  it  in  a  few  hours. 
This  fuel  was  made  into  excelleiit,  although  not  waterproof,  briquets 
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with  8  per  cent  of  cell  pitch.    Nine  per  cent  of  sulphite  liquor  did  not 
make  entirely  satisfactory  briquets. 

The  source  from  which  this  sample  was  obtained  and  its  chemical 
analysis  are  to  be  found  under  ''Details  of  Briquetting  Tests.'' 

TESTS  WITH  UTAH  SUB3ITUHINOUS  GOAL. 

The  data  obtained  from  laboratory  tests  of  a  sample  of  Utah  sub- 
bituminous  coal  (Pittsbuigh  No.  36^)  and  various  binders  are  given 
in  the  following  tables: 

Laboratory  briquetting  tuts  of  Utah  mbbttuminotu  coal  with  water^as  pitch  binder. 


Test  No. 


L137.       L132. 


Brioaetting  temperature,  *F 

LotNo 

Amount  used,  per  oezLt 

Method  of  heating  used 

Weight  of: 

Mixture  used)  grams 

Briquet,  aTei;Bge,nams 

Conditianoifael,  driea  or  undried 

Pleasure  used,  pounds  per  square  inch 

Mdstuie: 

Inftielyperoent 

Added  m  heating,  per  cent 

In  briquet,  per  cent 

Length  of  heating,  minutes 

Beduotkm  of  volume  by  pressing,  per  cent , 
Onoshing  strength,  pounds  per  square  inch 
Quality  of  briquet: 

Fresh.. , 

Air-dried 


167 

36 

8 

8.7. 

200 

207 

Undried. 

6,000 

10.8 
4.5 
15.3 


200 


103 

36 

7 

8.  J. 

200 

206 

Undried. 

6,000 

10.8 
4.0 
14.8 


1,0S0 

B 
A 


Laboratory  briquetting  tests  of  Utah  subbituminotu  coal  with  cell-pitch  binder. 


Test  No. 


L134. 


L133. 


Brjqaetting  temperature,  "F 

Binder: 

LotNo 

Amount  used,  per  cent 

Method  of  heating  used 

WelKht  of: 

fiUxtnre  used,  grams 

Briquet .  average,  erams 

Gondttlon  of  ftiel,  <uiea  or  undried 

FieBSore  used,  pounds  per  square  inch 

Moisture: 

Inftielfperoent 

Added  m  heating,  per  cent 

In  briquet,  per  cent 

Length  of  heating,'minutes 

Redaction  of  volume  by  pressing,  per  cent 

Crashing  strength,  pounds  per  square  inch 

Quality  of  briquet: 

Fresb 

Aliwlried 

a8eeUble,p.4a 


164 


159 


27 

27 

4 

7 

8.  J. 

8.  J. 

200 

200 

207 

206 

Undried^ 

Undried. 

6,000 

6,000 

10.8 

10.8 

4.5 

4.5 

15.3 

15.3 

«} 

i 

1,160 

1,600 

C 

B 

A 

A 
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Laboratory  briqucUing  tests  of  Utah  subbituminoua  coal  with  a  mixture  of  water-gas  piuh 
and  cell-jfitch  binders  and  of  water-gas  pilch  andfiour  binders. 


Test  No. 


LiSft. 


L135. 


Briqaetting  temperature,  *  F — 

Binder: 

LotNo 

Amount  used,  per  cent. 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  erams 

Condition  of  fuel,  dried  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture: 

Infuel,pero6nt 

Added  in  heating,  per  cent 

In  briquet,  per  oent. 

Length  of  heating ,  minutes .  ^ 

Reduotion  of  volume  by  pressing,  per  oent . 
Crushing  strength,  pounds  per  square  inoh 
Quality  of  briquet: 

Fresh 

Alr-drtod 


180 

26  W.  O.  P. 

27  C.  P. 

3  W.  O.  P. 

4C.P. 

S.J. 

200 

207 

Undried. 

e,000 

io.8 

4.5 
15.3 


1,060 

B 
A 


169 

26  W.  O.  P. 

31  flour. 

3  W.  O.  P. 

3  floor. 

B.J. 

aoo 

Undried. 
6,000 

10.8 
4.0 
14.8 

1,460 

B 
A 


This  fuel  required  7  per  cent  of  water>-gas  pitch  to  produce  satis- 
factory briquets.  Four  per  cent  of  cell  pitch  was  sufficient  to  make 
strong  briquets  when  they  were  cold  and  air-dried,  but  when  fresh 
from  the  press  they  were  rather  weak.  Probably  5  to  6  per  cent 
of  cell  pitch  would  be  required  to  make  a  commercial  briquet. 

Two  tests,  L  135  and  L  136,  were  made  to  determine  whether  an 
addition  of  water-gas  pitch  would  make  cell-pitch  or  flour  briquets 
sufficiently  waterproof  for  practical  use  and  storage  out  of  doors. 
After  immersion  in  water  for  10  minutes  (test  L  136)  the  cell  pitch 
began  to  leach  out,  whereas  no  change  was  noticed  in  the  flour  and 
water  gas  pitch  briquet  (test  L  135).  After  a  three-day  immersion 
both  briquets  were  strong  enough  to  be  handled  when  wet.  The 
flour-and-pitch  briquet  was  in  better  condition  than  the  oell-pitch 
and  water  gas  pitch  briquet.  The  water  in  which  the  briquets  were 
immersed  was  colored  brown  by  the  dissolved  cell  pitch.  There  was 
no  evidence  of  the  flour  having  been  leached  out. 
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TESTS  WITH  WASHINOTON  SUBBITUMINOUS  GOAL. 

The  data  obtained  from  laboratory  tests  of  Washington  sub- 
bituminous  coal  (Pittsburgh  No.  35  »)  and  various  binders  are  given 
iQ  the  following  tables: 

laboratory  brtqueUing  tests  of  Washington  subbituminous  eoal  toUh  water-gas  pikh  binder. 


Test.  No. 


L124.  L126. 


Briquettiog  temperatare,  *F 

Lot  No 

Amount  used,  per  cent 

Method  of  beating  used 

Wei^tof: 

Mixture  used,  grams 

Briquet,  average,  grams 

Coodltlanofft)el,(hied  orundried 

Pressure  used,  pounds  per  square  Indi 

Mobture: 

InfkielfPeroent 

Added  in  heating,  per  cent 

In  briquet,  per  cent 

Length  of  heating,  miautes 

Reduction  of  volume  by  pressing,  per  cent, 
Crashing  strength,  pounds  per  square  inch 
Quality  of  briquet: 

Frwh 

Air-driBd 


156 

26 

6 

8.  J. 

200 

205 

Undried. 

6,000 

13.8 
4.5 
18.3 


i 


1,200 

A 
A 


152 

26 

8 

S.J. 

200 
205 

Undried. 
6,000 

18.8 
3.5 
17.3 

1,825 

A 
A 


Laboratory  briquetting  tests  of  Washington  stibbituminotu  coal  with  wJieat-flovr  binder. 


Test  No. 


L128. 


L129. 


Briquettliig  temperature,  "F 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  used 

Wel^t  of: 

Mlxtore  used,  grams 

Briqaet.  average,  erams 

Conditian  of  fuel,  dried  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture: 

InfueLpercent 

Added  in  heating,  per  cent 

In  briquet,  per  cent 

Length  of  heating,  minutes 

RedttetJcn  of  volume  by  pressing,  per  cent 

Crushing  strength,  pounds  per  square  inch 

Quality  of  briquet: 

Fresh , 

Air-diied 

a  See  table,  p.  41. 


173 


180 


81 

31 

5 

7 

S.J. 

S.J. 

200 

200 

210 

209. 

Iried. 

Undried. 

6,000 

6,000 

18.3 

18.3 

6.0 

6.0 

24.3 

24.3 

1 

1 

41 

40 

1,500 

1,750 

A 

A 

A 

A 
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Laboratory  hriquetUng  tests  of  Washington  stibhituminotis  coal  vfith  cornstarch  binder. 


Test  No. 


L130. 


L181. 


Biiqaettlng  tempexatme,  *F 

Lot  No 

Amount  uaed,  per  oent 

Method  of  heating  uaed 

Welfi^tof: 

Mixture  uaed,  gnuns 

Briquet,  average,  grams 

Condition  or  fuel,  driedor  undiied 

Pressure  used,  pounds  per  squarel  nch 

Moisture: 

In  fuel,  per  cent 

Added  m  heating,  percent 

In  briquet,  per  cent 

Length  of  heating,  minutes 

Reduction  of  volume  by  pressing,  per  cent 
Crushing  strength,  pounds  per  square  inoh 
Quality  of  briquet: 

Fresh 

Air-dried 


184 


lO 


86 

85 

6 

7 

B.J. 

S.J. 

200 

200 

206 

206 

Undrfed. 

Undrisd. 

6,000 

6,000 

18.8 

18.8 

6.0 

6.0 

24.8 

24.8 

1 

1 

42 

42 

.  1,860 

2,100 

A 

A 

A 

A 

Laboratory  briqruetting  tests  of  Washington  subbituminous  coal  with  celUpiidi  binder. 


TestNa 


L126. 


L127. 


Briquetting temperature,  *F 

Binaer: 

Lot  No 

Amount  used,  percent 

Method  of  heating  used 

Weiehtof: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  imdrled 

Pressure  used,  pounds  per  square  inch 

Moisture: 

In  fuel,  per  oent 

Added  in  heating,  percent 

In  briauet,  percent 

Length  of  heating,  minutes 

Reduction  of  volume  by  pressing,  per  cent 
Crushing  strength,  ixmnos  per  square  inch 
Quality  of  briquet: 

Fresh 

Air-dried 


161 


Ifil 


27 

27 

6 

8 

8.  J. 

S.J. 

200 

200 

206 

206 

Undried. 

Undried. 

6,000 

6,000 

18.8 

18.3 

4.0 

4.0 

22.3 

22.3 

i 

4I 

1,000 

1,400 

B 

A 

A 

A 

The  fuel  made  excellent  briquets  with  each  of  the  following  binders : 
Six  per  cent  of  water-ga^  pitch;  5  per  cent  of  wheat  flour;  6  per  cent 
of  cornstarch;  and  6  per  cent  of  cell  pitch.  More  than  the  above 
proportions  of  binder  should  not  be  required  to  make  satisfactory 
briquets.  In  the  case  of  flour  and  cornstarch  the  compressive 
strength  of  the  5  per  cent  briquets  indicates  that  probably  3  per  cent 
of  either  of  these  binders  would  be  suflicient  to  produce  a  briquet  of 
satisfactory  strength  for  all  purposes.  The  flour,  cornstarch,  and 
cell  pitch  would  crumble  in  water  and  therefore  would  have  to  be 
stored  under  cover. 
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SUXHABY  OF  IiABORATOBY  TESTS  OF  BtBTDEBS. 

In  the  following  table  are  recorded  the  results  of  the  laboratory 
tests  of  various  binders  and  fuels  as  detailed  above: 

Summary  of  results  of  laboratory  hriqueUing  tests  of  various  fuels  and  hmders. 


FoeL 


Binder. 


Smallest 

percent 

that 

made 

satis- 

tBctarj 

briquet. 


Crashing 
strength 
ofbri. 
qnet 
made 
with 
mini- 
mum of 
binder. 


Crashing 

strength 

ofbri- 

qoet 

made 

withe 

percent 
ofbinder. 


Weather- 


qualities 
of  6  per 

cent 
briqoet. 


Pittsburgh  slack.. 


Teas  lignite  (P-0). 


Pennsylvania  anthncite  calm. 
North  Dakota  Ugnite  (P-15) . . . 


North  Dakota  lignite  (P-17) . 
Phflipplm  lignite. 


ntahsabbitamin0a8(P>36) 

Waatkington  subbitominoos  (P-36) . 


Water-gas  pitch 

Cornstarch 

Hardwood-tarpitch 

CeU  pitch 

Sulphite  liquor. 

WaWi 

Wheat 

CeUpitch 

Sulphite  liquor 

Celfpitdi 

Sulphite  liquor 

Water-gas  pitch. .. 

Wheat  nour 

CeUpitch 

Water-gas  pitch... 

Wheat  flour 

Sulphite  liquor 

Water-ffis  pitch... 

Wheat  flour 

Cornstarch 

CeUpitch 

Sulphite  Uquor 

Water-gas  pitch... 

CeUpitch 

Water-i 

Wheat 

Cornstarch 

CeUpitch 


a6.0 
3.0 
4.0 
2.0 
3.0 
6.0 
3.0 

a8.0 

69.0 
3.0 
6.0 

&8.0 
3.0 
8.0 

»8.0 
6.0 

b9.0 
6.0 
4.0 

»6.0 
6.0 

&8.0 
7.0 
4.0 
6.0 

a5.0 

06.0 
6.0 


2,220 

2,100 

1,060 

1,800 

1,400 

800 

900 

1,250 

726 

2,700 

2,600 

650 

750 

925 

360 

1,126 

300 

1,400 

1,650 

1,225 

925 

725 

1,050 

1,150 

1,200 

1,500 

1,850 

1,000 


2,220 

N!n. 

2,275 
3,800 
1,875 
800 
1,375 


525 


300 

1,125 

550 

400 

1,200 


1,400 
1,660 


926 
600 


1,200 

*i,*666 


EzoeUent. 

Fair. 

Good. 

Po<Mr. 

Very  poor. 

Oood! 

Fair. 

Poor. 

Very  poor. 

Poor. 

Very  poor. 

Fair. 

Do. 
Poor. 
Fair. 

Do. 
Very  i>oor. 
Good. 
Fair. 

Do. 
Poor. 

Very  poor. 
Good. 
Poor. 
Good. 
Fair. 

Do. 
Poor. 


<s  Lowestperoentageused  in  tests,  but  not  necessarily  the  lowest  that  would  furnish  a  satisfactory  briquet. 
*  This  percentage  was  not  suiOoient  to  make  entirely  satisftetory  briquets,  but  was  the  hi^^iest  used  in 
the  tests, 

CONCLUSIONS  FBOM  LABOBATOBY  TESTS. 

Following  are  presented  conclusions  derived  from  the  tests: 

1.  Different  binders  require  different  methods  of  heating  to  obtain 
the  best  results. 

2.  The  various  classes  of  fuels  require  different  methods  of  treat- 
ment to  produce  the  best  briquets. 

3.  Lignites,  to  produce  the  strongest  briquets,  generally  require 
drying  before  being  mixed  with  binder,  but  for  the  best  results  some 
moisture  must  be  allowed  to  remain  in  the  fuel. 

4.  Six  per  cent  of  water-gas  pitch  made  satisfactory  briquets  from 
Pittsburgh  slack,  Texas  lignite,  Philippine  lignite,  and  Washington 
subbituminous  coal;  7  per  cent  was  sufficient  to  satisfactorily  briquet 
Utah,  subbituminous  coal. 

5.  Three  per  cent  wheat  flour  made  satisfactory  briquets  from 
samples  of  Texas  and  North  Dakota  lignite;^  4  per  cent  made  satis- 


a  One  sample  of  North  Dakota  lignite  required  6  per  cent. 
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factory  briquets  from  undried  Philippine  lignite;  and  6  per  cent  was 
more  than  sufficient  to  make  satisfactory  briquets  from  Washington 
subbituminous  coal. 

6.  Cornstarch  gave  practically  the  same  results  as  wheat  flour, 
3  to  5  per  cent  being  required  to  make  a  satisfactory  briquet  from 
the  various  fuels. 

7.  Four  per  cent  of  hardwood-tar  pitch  made  strong  briquets  of 
Pittsburgh  bituminous  slack.  The  strong  characteristic  odor  of  this 
material  may  be  an  objection  to  its  use. 

8.  Two  per  cent  of  cell  pitch  made  strong  briquets  with  Pittsburgh 
bituminous  slack.  As  this  material  is  soluble  in  water,  it  would 
not  make  briquets  suitable  for  storage  in  the  open  but  if  stored  under 
cover  the  briquets  will  stand  up  indefinitely.  The  effect  of  moisture 
on  this  binder  being  detrimental  to  its  binding  qualities,  it  is  not 
surprising  that  8  per  cent  was  required  to  briquet  lignite  from  Texas 
and  North  Dakota,  whereas  4  per  cent  was  sufficient  to  bilquet  a 
sample  of  Utah  subbituminous  coal.  Six  per  cent  was  required  to 
briquet  Philippine  lignite  and  Washington  subbituminous  coal.  The 
briquet  having  the  greatest  compressive  strength  was  made  of  Pitts- 
burgh slack  and  6  per  cent  of  cell  pitch.  The  briquet  broke  at 
a  pressure  of  3,800  pounds  per  square  inch,  whereas  a  6  per  cent 
water  gas  pitch  briquet  of  this  coal  broke  at  a  pressure  of  2,220 
pounds  per  square  inch. 

9.  Three  per  cent  of  sulphite  liquor  was  sufficient  to  briquet  Pitts- 
burgh slack  and  5  per  cent  was  sufficient  to  briquet  anthracite  culm. 
Less  satisfactory  results  were  obtained  by  mixing  this  material  with 
lignites.  It  was  found  that  9  per  cent  of  this  binder  was  not  sufficient 
to  briquet  Texas,  North  Dakota,  or  Philippine  lignite.  The  moisture 
in  these  fuels  seemingly  affects  the  binding  quaUties  of  this  material. 

SUIiPHITE  PITCH  AS  A  BINDER. 
BEBIVATION  OF  THE  TTTOK. 

A  new  binding  material  called  ^'sulphite  liquor"  has  been  sug- 
gested for  briquetting,  but  more  recently  a  product  called  '*  sulphite 
pitch,''  obtained  from  this  sulphite  liquor,  has  attracted  considerable 
attention  and  obviously  possesses  valuable  properties  as  a  binder. 

In  the  sulphite  process  of  manufacturing  paper  pulp  the  wood 
under  pressure  is  boiled  with  sulphurous  acid,  or  with  acid  sulphite 
of  calcimn  and  magnesium.  The  action  of  sulphurous  acid  under 
pressure  and  at  a  high  temperature  upon  the  lignin  and  other  incrust- 
ing  matters  of  the  wood  fiber  is  probably  a  hydrolysis;  that  is,  the 
complex  molecules  of  the  lignin,  etc.,  are  broken  down,  and  the 
resulting  products,  largely  organic  acids  and  aldehydes,  become 
soluble  in  the  liquor. 
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The  waste  liquors  are  light  brawn  and  contain  much  matter 
extracted  from  the  wood.  Until  recently  they  had  no  commercial 
value  and  their  proper  disposal  was  often  a  serious  matter,  as  they 
polluted  streams  into  which  they  were  emptied,  killing  the  fish. 

PBBPABATION  AND  USE  m  GEBMANY. 

Several  patents  have  been  obtained  for  converting  the  waste 
liquors  into  fertilizers,  adhesive  material,  or  other  commercial  prod- 
ucts; but  the  most  promising  way  of  utilizing  them  at  present  seems 
to  be  by  making  a  concentrated  product  known  as  '^  sulphite  liquor,'' 
or  a  solid  form  known  as  ''sulphite  pitch"  or  "cell  pitch"  (selpech). 

The  method  of  preparing  sulphite  liquor  or  cell  pitch  from  these 
wastes,  according  to  W.  Sembritzki,*  manager  of  the  Walsum  paper 
mills  (Germany),  is  as  follows: 

At  the  Walsum  factory  the  liquors  have  a  epedfic  gravity  of  1.05  and  an  acidity, 
calculated  as  sulphur  dioxide,  of  0.32  per  cent.  The  thick  sirup,  density  36°  B., 
from  the  evapoiators  has  the  following  composition:  Water,  28.88  per  cent;  insoluble 
matter,  13.96  per  cent;  extract,  57.16  per  cent;  tanning  matters,  22.96  per  cent;  non- 
tannins,  34.24  per  cent.  The  solid  cell  pitch  contains:  Water,  13.76  per  cent;  soluble 
extract,  86.60  per  cent;  tanning  matters,  31.84  per  cent;  nontannins,  54.76  per  cent. 
The  nontannins  of  this  sirup  consist  of  organic  matter,  24.76  per  cent;  mineral  matter, 
9.44  per  cent.  The  nontannins  of  the  cell  pitch  consist  of  organic  matter,  36.08  per 
cent;  mineral  matter,  18.68  per  cent. 

If  the  evaporators  are  made  of  iron,  it  is  necessary  to  neutralize  the  liquor  with  lime 
before  concentration,  and  the  incrustation  of  the  tubes  with  calcium  compounds  is 
somewhat  troublesome.  If  copper  evaporators  are  used,  the  liquors  may  be  concen- 
trated in  their  acid  state.  If  the  concentrated  liquor  is  to  be  used  for  briquetting  flue 
dust,  neutralization  with  lime  is  essential  to  the  proper  working  of  the  briquets  in  the 
blast  furnace.  If,  on  the  other  hand,  the  concentrated  liquors  are  intended  for  tan- 
ning purposes,  neutralization  is  a  drawback,  as  the  calcium  compoimds  make  the 
leather  brittle. 

The  success  of  the  Walsum  exx)eriments  is  attributed  in  large  part  to  the  sextuple- 
effect  Kestner  evaporator  used.  Each  effect  has  a  heating  surfoce  of  55  square  mete/s; 
the  first  vessel  is  heated  with  steam  at  3  to  4  atmospheres  and  the  boiling  point  in 
the  last  effect  is  50°  C.  The  liquor  requires  about  three  hours  to  reach  a  concen- 
tration of  35°  B.  The  sirup  is  converted  into  solid  pitch  by  two  steam-heated  drums 
which  dip  below  its  surface.  The  first  drum  concentrates  the  simp  from  35°  B.  to 
60^  B.;  the  second  converts  it  into  a  solid  film,  which  is  removed  with  a  scraper. 
Ten  kilograms  of  waste  liquor  yield  1  kilogram  of  dry  pitch.  The  fuel  consumption 
is  1  ton  at  coal  per  ton  of  pitch.  It  is  stated  that  a  selling  price  of  $9.50  a  ton  would 
show  a  good  profit. 

The  pitch  has  the  appearance  of  black  opaque  resin,  but  is  quite  soluble  in  water. 
It  is  used  as  a  binder  for  fuel  and  ore  briquets.  By  its  use  the  dust  from  blast  furnaces, 
containing  40  per  cent  of  iron  and  hitherto  a  waste  product,  has  been  formed  into 
briquets  for  resmelting.  It  has  also  been  used  as  a  dressing  for  coarse  canvas,  etc. 
Lttzge  quantities  of  the  sulphite  liquor,  having  a  density  of  about  35°  B.,  are  shipped 
from  Germany  to  England  in  iron  drums.  The  liquor  is  used  in  England  as  a  binder 
for  the  sand  cores  and  molds  used  in  casting,  and  is  sold  there  at  112.50  a  ton. 

a  Sembiitzkl,  W.,  Preparation  of  oeUnlooe  pitch  from  waste  su  phlte  liquor:  WochbU  Papier-tebr^  1906 
(»).P.M8. 
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In  a  report  made  in  1909  George  E.  Eager,"  United  States  consul 
at  Barmen,  Germany,  states  thab  sulphite  pitch  is  intensely  glutinous 
and  its  binding  power  high.  According  to  Mr.  Eager,  7  to  10  per  cent 
of  coal  tar  is  needed  in  briquetting  bituminous  coal,  but  the  same 
results  can  be  obtained  by  the  use  of  5  per  cent  of  sulphite  pitch,  and 
some  kinds  of  coal  or  ore  can  be  briquetted  by  using  only  2  to  3 
per  cent.  Sulphite  pitch  bums  without  smoke  or  odor  and  is  aii 
ideal  fuel  for  the  household,  as  well  as  for  industrial  purposes.  The 
use  of  briquets  made  with  this  sulphite  pitch  will  help  to  solve  the 
smoke  problem  in  cities.  Coke  briquets  made  with  this  new  binder 
have  been  tried  in  blast  furnaces  and  on  torpedo  boats  with  promisijog 
results.  Sulphite  pitch  does  not  soften  under  heat  and  burns 
at  a  high  temperature.  It  can  be  ground  to  any  consistency;  it 
can  be  obtained  at  a  low  price  where  there  are  cellulose  mills.  An- 
thracite briquets  for  household  use  manufactured  with  sulphite 
pitch  bum  without  smoke  or  odor. 

Regarding  other  uses  of  sulphite  pitch  and  its  oompoeition,  the 
report  states:  t 

Recent  attempts  to  briquet  coke  giavel  and  drofls  show  that  the  lesoltant  briquet 
can  be  considered  a  perfect  substitute  for  coke.  Practical  trials  of  the  briquets  in 
both  blast  and  cupola  furnaces  have  shown  that  the  briquets  do  not  fall  to  pieces  un4er 
the  highest  temperature,  but  bum  while  gradually  shrinking.  Fine  ore,  bog-iron  ore, 
brown  ore,  manganese  ore,  oxide,  furnace  cadmia  (iron  dust  from  blast  furnaces),  and 
other  ores  can  all  be  briquetted  by  the  use  of  sulphite  pitch  and  successfully  melted 
in  the  furnace.  All  attempts  to  briquet  the  above  materials  with  coal-tar  pitch  have 
failed,  because  the  binding  agent  burned  at  a  lower  temperature,  leaving  the  material 
in  dust,  as  before.  With  sulphite  pitch  it  is  possible  to  briquet  furnace  cadmia  so  that 
it  can  be  melted  in  a  blast  furnace,  making  possible  a  great  saving  to  the  iron  industry. 

In  general;  sulphite  pitch  consists  of  the  following  substances: 
Fixed  carbon,  25  to  35  per  cent;  volatile  matter,  50  to  60  per  cent; 
ash,  8  to  12  per  cent;  and  water,  10  to  15  per  cent.  The  percentage 
of  ash  can  be  materially  reduced.  Through  the  origin  of  sulphite 
pitch  its  ashes  contain  sulphur  up  to  20  per  cent,  or  2.5  per  cent  of 
the  sulphite  pitch.  The  sulphur  is  combined  with  iron  and  lime,  so 
that  the  sulphur  remains  in  the  ashes  and  can  not  do  any  damage. 
Sulphite  pitch  is  soluble  in  water,  and  briquets  made  from  it  are  not 
waterproof.  The  sulphite-pitch  briquet  is,  however,  more  water- 
proof than  the  lignite  briquet,  the  making  of  which  has  become  a 
flourishing  industry.  The  sulphite  briquet  is  not  hygroscopic  and 
can  be  made  absolutely  waterproof  by  a  special  treatment. 

The  production  of  sulphite  pitch,  as  well  as  its  use  in  the  process  of 
briquetting,  call  for  special  processes  and  machinery  which  have 
taken  years  of  expensive  experiment  to  develop  successfully,  and 
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both  the  material  and  its  use  for  briquetting  are  patented  in  all  the 
principal  countries. 

Sulphite  pitch  will  not  in  any  way  interfere  with  coal-tar  pitch  in 
its  use  for  briquetting  bituminous  coals,  but  the  superiority  of  sul- 
phite as  a  binding  agent  makes  possible  its  use  in  the  briquetting  of 
harder  coals  and  cokes,  also  iron  dust  and  ores. 

THB  POLLACSEK  BBIQXJETTINa  PBOOBSS.<s 

The  PoUacsek  briquetting  process,  which  employs  the  waste  liquor 
of  the  sulphite  paper-making  process  as  a  binder,  has  been  adopted 
by  the  Hungarian  Government  for  its  collieries,  and  that  Qovem- 
ment  has  erected  the  machinery  for  the  first  plant.  It  is  estimated 
that  a  plant  in  the  United  States  producing  10  tons  daily  would  cost 
about  $5,000  and  that  the  cost  of  operation  would  not  exceed  60 
cents  a  ton  and  might  be  as  low  as  40  cents  in  favored  places. 

Fine  coal  or  slack  is  used,  pieces  above  a  quarter  of  an  inch  being 
crushed.  Such  crushing  is  necessary,  because  any  lai'ger  pieces  of 
coal  would  be  shattered  in  the  molds  of  the  press,  and  as  there  would 
be  no  binder  between  the  shattered  fragments,  the  briquets  would  not 
be  strong  enough  to  stand  transportation. 

The  inventor  has  a  process  by  which  the  waste  liquor  of  the  pulp 
mills  may  be  evaporated  to  a  sirup  or  reduced  to  a  dry  powder  for 
convenience  in  transportation.  In  the  United  States  the  removal  of 
free  acid  is  accomplished  by  the  use  of  lime.  The  evaporated  sulphite 
Uquor  has  a  sirupy  consistency  and  considering  its  price  and  efficacy 
is  the  best  core  binder  for  foundry  use  known  to-day.  It  is  probable 
that  about  the  same  method  of  removing  free  acid  is  used  in  the 
PoUacsek  process. 

In  view  of  the  fact  that  in  making  fuel  briquets  only  3  to  5  per 
cent  of  this  binder  is  used,  its  cost  per  ton  of  coal  briquetted  is  small. 
Another  point  in  favor  of  the  process  is  that  by  utilizing  the  waste 
hquor  from  the  pulp  nulls  it  protects  streams  from  pollution  by  the 
liquor. 

If  the  binder  is  in  the  form  of  a  sirup,  it  is  diluted;  if  in  the  form  of 
solid  pitch,  it  is  dissolved  in  the  proper  quantity  of  water.  From  the 
mixer  the  briquet  material  passes  into  a  rotary  kiln,  where  it  is 
heated  and  partly  dried.  The  success  of  the  process  depends  on 
maintaining  the  right  temperature,  for  the  product  goes  directly 
from  the  kiln  to  the  briquetting  press.  If  the  temperature  varies 
only  10^  F.  either  way  from  the  standard,  the  briquets  are  not  hard 
or  strong  enough  to  stand  transportation  from  the  press. 

If  the  kiln  dries  the  material  enough  and  the  temperature  in  the 
kih  18  kept  at  the  right  point,  the  coal  will  stick  together  when 
pressed,  but  will  not  adhere  to  the  molds. 
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If  the  briquets  are  not  to  be  waterproofed,  they  go  through  a  drying 
oven  directly  to  the  cars  for  shipment.  If  they  are  to  be  water- 
proofed, they  pass  from  the  drying  oven  through  an  emulsion  of  bitu- 
men and  water  and  again  through  a  drying  oven,  whence  they  are 
delivered  to  the  cars.  As  little  labor  is  needed  and  the  cost  of  binder 
is  small,  claims  of  great  cheapness  are  made  for  the  process.  The 
secrets  of  the  process  are  the  proper  mixing  of  the  coal  and  binder, 
the  proper  control  of  the  kiln  temperature,  and  the  weatherproofing 
of  the  briquets. 

The  briquets  made  by  the  PoUaosek  process  are  hard,  stand  rough 
handling,  and  are  sufficiently  weatherproof  for  every  purpose. 

The  briquetting  section  of  the  Bureau  of  Mines  has  made  laboratory 
tests  with  this  sulphite  pitch,  the  results  of  which  are  published  in 
this  bulletin  on  previous  pages. 

APPABATT7S  FOB  BBIQTJETTING  COAI.  AND  COKE  WITH   CELL 

PITCH. 

The  briquetting  of  coal  and  coke  (with  cell  pitch  binder)  was  first 
carried  on  by  ^'Hengstenberg  &  Benzenberg,  Brikettwerk  m.  b.  H." 
at  Ruhrort,  and  later  at  Ruhrrevier  and  Stettin,  Germany. 

For  the  production  of  cell-pitch  briquets  essentially  the  same 
apparatus  is  used  as  for  briquetting  with  coal-iar  pitch.  Of  especial 
importance  is  the  best  possible  mixing  and  kneading  of  the  binding 
material  to  be  briquetted  with  superheated  steam.  Large-sized  bri- 
quets are  pressed  with  a  high  pressure,  and  for  this  purpose  presses 
are  built  sufficiently  strong  to  exert  a  pressure  of  7,000  to  8,500 
pounds  per  square  inch.  For  the  smaller  briquets  a  lower  pressure 
can  be  used.  Egg-shaped  briquets  can  be  produced  with  cell  pitch 
on  the  same  presses  on  which  coal-tar  pitch  briquets  are  made. 

WEATHERPROOFING  TREATMENT. 

Weatherproofing  is  accomplished  by  heating  the  briquet  or  by  a 
previous  treatment  of  the  briquetting  material. 

The  after-heating  is  the  older  method  and  consists  of  partly 
coking  the  sulphite  pitch.  This  produces  a  briquet  that  is  water- 
proof and  weatherproof,  as  well  as  unusually  hard  and  firm  and  rough 
on  the  surface.  The  method  is  in  many  cases  economical  and  worth 
practicing  if  a  cheap  source  of  heat  is  available.  The  briquets,  dried 
by  blast-furnace  gases  at  a  temperature  of  300^  C,  furnish  weather- 
resisting  coke  briquets. 

The  latest  method  of  waterproofing  sulphite-pitch  briquets  consists 
of  the  addition  of  certain  chemicals  (at  the  present  time  a  secret) 
directly  to  the  briquet  material  before  pressing..  The  additional  cost 
is  about  35.7  cents  per  ton  of  finished  briquets.  This  increased  cost 
should  be  Jess  if  the^  chemicals  -can  be-bought^more  x^eoply  in  con- 
sequence of  an  enlarged  use  for  briquetting.  ^         j 
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The  cost  in  Grermany  of  building  a  two-press  plant  having  an 
hourly  capacity  of  5  tons  and  producing  yearly  60,000  tons  is  as  follows : 

Cost  of  ttoO'press  cell-pitch  briquetting  plant  in  Germany.  • 


Item. 


Marks. 


Dollars. 


around 

Baflding,  Incloding  foundation  and  building  stone 

Maehinery,  power,  lighting,  etc 

ToQb,etc. 
Sporbaek 
ellaoeo 

Total. 


ao,ooo 

50,000 

176,000 

10,000 

26,000 

6,000 


7,140 
11,900 
41,050 
2,380 
6,050 
1,100 


295,000 


70,210 


The  cost  per  ton  of  briquets,  including  cell  pitch  but  not  the  raw 
material,  on  the  basis  of  a  production  of  60,000  tons  per  year,  is  as 
follows: 

Cost  per  ton  of  brigv£tSj  indtiding  sulphite  pitch. 


Peroent- 

Peroent- 

s^^te 
pitch 

Coetper 
ton. 

sofphite 
pitch 

Cost  per 
ton. 

added. 

added. 

4 

10.72 

^ 

10.90 

4i 

.77 

r 

1.008 

6 

.82 

n 

1.066 

6» 

.804 

8 

1.104 

6 

.912 

The  cost  of  the  after  treatment  of  the  briquets  to  make  them  water- 
proof naust  be  determined  separately  for  each  case.  It  is  estimated, 
however,  at  present  as  not  more  than  36  cents  per  ton. 

To  this  cost  of  briquetting  and  cost  of  after  treatment  are  also  to  be 
added  the  cost  of  the  raw  material,  as  well  as  the  royalty.  Using  as 
a  basis  plants  already  operating  in  Germany,  a  royalty  of  1  mark  or 
24  cents  per  ton  of  briquets  is  assumed. 

CEIX  PITCH  FOB  BBIQXJBTTINQ  FINB  OBBS,  FLUB  DUST,  AND 

THB  LIKE. 

Cell  pitch  possesses  manifest  advantages  over  coal-tar  pitch  for 
briquetting  fine  ore,  flue  dust,  etc.  Its  solubility  in  water  does  not 
cause  disint^ration  of  the  briquets  by  the  steam  present  in  the  flue 
of  the  blast  furnace.  The  sulphite-pitch  ore  or  flue-dust  briquets  do 
not  fall  to  pieces,  and  the  small  sulphtur  content  of  the  binding  mater. 
rial  exerts  no  bad  effect. 
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GBLL-PITGK  ESCTiBrlMBNTS  OF  DB.  TBAINBB. 

The  results  of  cell-pitch  experiments  by  Dr.  Trainer  (Gewerkschaf  t 
Eduard)  are  essentially  the  same  as  those  in  the  above-described  bitu- 
minous and  coke  briquetting  by  means  of  cell  pitch.  The  briquetted 
material,  after  the  addition  of  the  required  quantity  of  sulphite  pitch, 
was  treated  thoroughly  in  a  mixing  or  kneading  machine  with  super- 
heated steam  and  was  immediately  pressed  under  the  high  pressure  of 
7,000  to  8,600  pounds  per  square  inch.  The  cost  of  installing  a  two- 
press  plant  for  fine  ore  or  flue  dust  is  about  as  high  as  for  fuel,  namely, 
about  $70,210.  The  briquetting  cost  for  ore  briquets,  in  consequence 
of  their  high  specific  gravity  which  allows  a  larger  capacity  of  the 
pressby  weight,  is  about  $0.13  less  per  ton  of  briquets  than  for  coal 
briquets,  as  shown  in  the  following  table: 

Co8t  per  ton  of  briqueU,  toith  various  pereetUages  ofsulpkUe  pitch. 


Peroent- 

Peroent^ 

aceof 

sulphite 

piW 

Cost  per 
ton. 

s^iite 

Cost  per 
ton. 

4 

10.09 

^ 

10.83 

4i 

.64 

7 

.88 

£ 

.60 

7i 

.93 

5| 

.73 

8 

.97 

6 

.78 

It  is  only  in  rare  cases  that  it  is  necessary  to  waterproof  and 
weatherproof  ore  briquets.  When  this  is  necessary  the  cost  of  the 
briquetting  is  increased  24  to  36  cents  per  ton. 

The  cell-pitch  method  has  found  important  application  in  the  iron 
works  of  the  Gewerkschaft  Deutscher  Kaiser  in  Bruckhausen,  near 
Ruhrort.  An  experimental  briquetting  plant  was  erected  in  1908 
to  furnish  cell  pitch  at  cost  to  the  ''Vereinigten  Gewerkschaf  ten 
Eduard  und  Pionier, "  Walsum  on  the  Rhine.  The  results  were  so 
favorable  that  the  Grewerkschaft  Deutscher  Kaiser  entered  into  an 
agreement  with  the  above  firm  to  furnish  sulphite  pitch  for  the 
briquetting  of  400  tons  of  flue  dust  per  day.  The  flue-dust  cell-pitch 
briquets  are  produced  with  an  addition  of  4^  per  cent  of  sulphite 
pitdi.  The  disintegration  of  the  briquets  and  the  small  sulphur 
content  of  the  binding  material  have  not  yet  proved  to  have  injurious 
effects.  The  briquets  are  completely  reduced,  and  the  ore  in  the 
same  blast-furnace  zone  is  favorably  influenced.  If,  for  example,  15 
per  cent  of  briquets  is  added  to  the  charge,  and  an  equal  percentage 
of  ore  omitted,  there  is  a  decrease  in  flue  dust  of  30  per  cent,  as  well 
as  an  increased  production  of  iron  with  a  smaller  use  of  coke. 
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LrrBBAT0BB  OK  SULFHITB  LIQX70B  AND  SULPBITE  PITCH. 

A  brief  list  of  literature  relative  to  sulphite  liquor  and  sulphite 
pitch  is  presented  below: 

AhreDfl,  F.  B.,  Utilizatioii  of  waste  sulphite-cellulose  lyes:  Chem.  Zeitschr.,  1905,  pp. 

40-41;  abstracted  in  Jour.  Soc.  Chem.  Ind.,  1905,  p.  343. 
Eiause,  H.,  Contribution  to  the  chemistry  of  sulphite  wood  pulp  waste  liquors:  Chem. 

Ind.,  1906  (29),  pp.  217-227;  abstracted  in  Jour.  Soc.  Chem.  I    d.,  1906,  p.  493. 
Robeson,  J.  S.,  U.  S.  Patents  833635,  851378,  851379,  851380,  851381;  abstracted  in 

Jour.  Soc.  Chem.  Ind.,  for  1906  and  1907. 
Sembrit'iki,  W.,  Preparation  of  cellulose  pitch  from  waste  sulphite  liquor:  Wochbl. 

Papier-fabr.,  1908  (39),  p.  658;  abstracted  in  Chem.  Abstracts,  Amer.  Chem.  Soc. 

1908,  p.  1885;  Manufacture  of  pulp  pitch  from  waste  sulphite  liquors  and  its  use 

in  biiquettiDg:  Wochbl.  Papier-fabr.,  1908  (39),  pp.  2866-2867;  abstracted  in 

Jour.  Soc.  Chem.  Ind.,  1908,  p.  915. 
Enoeeel,  T.,  Manu&u;ture  of  pulp  pitch  from  waste  sulphite  liquors  and  its  use  in 

briquetting:  Wochbl.,  Papier-fabr.,  1908  (39),  pp.  3276-3278,  4049. 
Eager,  (  eorge  E.,  Daily  Consular  and  Trade  Reports,  No.  3361;  also  published  m 

Power  and  the  Engineer,  March  9, 1909,  p.  447. 
Thorp,  y.  H.,  Outlines  of  industrial  chemistry,  1899,  p.  503. 
Franke,  G.,  Handbuch  der  Brikettbereitung,  vol.  2,  1909,  pp.  72-80. 

TESTS  TO  WHICH  BRIQUETS  WERE  SUBJECTED. 

PHYSICAIi  TESTS. 

Samples  of  the  better  lots  of  briquets  made  were  subjected  to  the 
drop  test,  the  compression  test,  and  the  tumbler  test  to  determine 
their  cohesive  strength  and  to  show  their  ability  to  endure  handling; 
absorption,  specific-gravity,  and  weathering  tests  were  also  made. 

DROP  TEST. 

In  the  drop  test  50  pounds  of  briquets  was  placed  in  a  drop-bottom 
box  24  inches  square  and  12  inches  deep  inside,  supported  6  feet 
above  a  concrete  floor.  •  The  briquets  were  dropped  on  the  floor;  the 
pieces  were  gathered  up  and  those  that  were  held  by  a  1-inch  screen 
(square  holes)  were  returned  to  the  box  and  dropped  again.  The 
floor  was  swept  clean  before  each  drop.  This  procedure  was  repeated 
five  times,  after  which  the  weight  of  pieces  that  would  not  pass 
through  the  screen  was  determined.  The  results  of  the  test  were 
found  to  agree  closely  with  those  of  the  tumbler  test,  although  no 
attempt  was  made  to  standardize  the  two  tests,  one  being  a  shatter 
test,  the  other  being  more  on  the  order  of  an  abrasion  test. 

TUMBLEB  TEST. 

In  the  tumbler  test  a  weighed  quantity  of  the  briquets  (about  50 

pounds)  was  placed  in  a  horizontal  sheet-steel  cylinder,  2  feet  in 

diameter  and  3  feet  long,  and  rotated  2  minutes  at  a  uniform  speed 

of  28  revolutions  per  minute.    The  contents  of  the  tumbler  were  then 

92012^— Bull.  58—13 8 
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sized  by  a  1-inch  mesh  screen,  and  the  part  that  passed  through  was 
screened  through  a  10-mesh  sieve.  The  weight  of  the  pieces  held  by 
each  screen  was  determined  and  the  ^'percentage  held''  computed  and 
reported  as  in  the  drop  test. 

ABSOBFTION  TEST. 

The  object  of  the  absorption  test  was  to  determine  (1)  the  rate 
of  absorption  of  water  by  the  briquets  each  day;  (2)  the  time  required 
for  the  absorption  to  become  practically  complete;  and  (3)  the  time 
at  which  the  absorption  actually  ceased  or  the  briquet  disiutegrated. 
The  apparatus  consisted  of  a  hydrostatic  balance  with  containing 
tank  and  four  galvanized-iron  pans  24  by  36  by  6  inches. 

Four  Renfrow  briquets,  two  German  briquets,  or  one  English 
briquet  were  taken  as  a  sample  for  each  representative  lot  of  briquets 
tested.  These  briquets  had  been  stored  under  cover  directly  after 
being  made,  so  they  may  be  safely  considered  as  air-dried  samples. 
Whenever  possible,  briquets  with  perfect  surfaces  were  used. 

The  method  used  in  testing  was  as  follows: 

(a)  The  sample  was  weighed  in  air  on  the  upper  part  of  the  hydro- 
static balance.  (6)  The  sample  was  then  weighed  in  water  on  the 
lower  shelf  of  the  balance,  the  hour  and  minute  of  this  immersion 
being  noted,  (c)  The  sample  was  removed  from  the  balance,  placed 
in  pans,  and  covered  with  one-half  inch  of  water,  (d)  Each  succeed- 
ing day  at  the  same  time  as  the  first  immersion  the  operation  noted  in 
b  was  repeated,  (e)  The  gain  in  weight  was  noted  each  day  by 
subtracting  the  observation  for  the  previous  day  from  the  weight 
noted  in  operation  ft.  (/)  This  gain  in  weight  was  calculated  to 
a  percentage  of  the  original  weight  of  the  dry  briquet,  and  so  recorded 
each  day. 

DETEBMINATION  OF  DENSITY. 

The  apparent  specific  gravity,  being  the  weight  in  air  divided  by 
the  loss  of  weight  in  water,  was  calculated  from  readings  a  and  b  of 
the  absorption  tests.  In  the  earlier  tests  fragments  from  the  com- 
pression tests  were  used,  each  piece  weighing  about  65  grams.  These 
earlier  tests  were  made  with  a  Nicholson  hydrometer.** 

WEATHEEING  TEST. 

To  determine  the  comparative  weather-resisting  qualities  of  the 
briquets  and  the  samples  of  fuel  from  which  they  were  made,  small 
piles  of  each  lot  of  satisfactory  briquets  and  lumps  of  the  raw  fuel 
were  exposed  to  the  action  of  sun,  wind,  and  rain.    Plates  XVI  to 

a  See  Lord,  N.  W.,  Experimental  work  conducted  in  the  chemical  laboratory  of  the  United  States  fael- 
testing  plant  at  St.  Louis,  Mo.,  Jan.  1,  1905,  to  July  81,  1906:  Bull.  38,  Bureau  of  Mines,  pp.  23-28 
(reprint  of  U.  S.  Geol.  Survey  BuU.  323). 
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XXI,  made  from  photographs  taken  of  Pittsbm^h  tests  at  various 
intervals  up  to  286  days,  show  the  different  stages  of  weathering. 
The  length  of  time  the  briquets  were  exposed  before  examination, 
and  the  condition  of  the  briquets  when  examined,  are  stated  in  the 
tabulated  results  of  tests.  The  key  to  the  conditions  designated 
A,  B,  C,  D,  and  E  is  that  originally  stated  in  Bulletin  332  ^  of  the 
United  States  Geological  Survey,  and  is  as  follows: 

Condition  A:  Briquets  practically  in  same  condition  as  when  put 
out.  Surfaces  show  no  signs  of  erosion  or  pitting.  Briquets  hard, 
with  sharp  edges,  and  fracture  same  as  that  of  new  briquets. 

Condition  B:  Shape  of  briquets  unchanged.  Surfaces  of  those  on 
top  of  pile  have  lost  luster,  with  evidences  of  pitting;  comers  and 
edges  worn  off  by  erosion.  All  briquets  firm,  with  fracture  practi- 
cally the  same  as  that  of  new  briquets. 

Condition  C:  Top  briquets  appear  similar  to  those  in  condition  B, 
and  show  signs  of  further  disintegration,  having  lost  original  sharp 
fracture.  Erosion  more  evident  on  all  briquets  on  outside  of  the 
pile.     Inside  briquets  still  firm,  retaining  original  characteristics. 

Condition  D:  Top  briquets  so  badly  disintegrated  that  they  crum- 
ble to  pieces  on  handling.  Briquets  in  center  of  pile  show  signs  of 
disint^ration;  luster  of  surfaces  gone,  edges  soft,  and  break  easily 
in  the  hand.  Fracture  not  so  sharp  as  when  newly  made,  but 
briquets  firm  and  handled  without  breaking. 

Condition  E:  Entire  pile  disintegrated.  In  many  cases  the  only 
briquets  retaining  their  original  shape  are  those  protected  from  the 
weather.  Briquets  can  not  be  handled  safely,  but  crush  easily  in 
hand. 

COMPRESSION  TEST. 

In  order  to  obtain  some  standard  of  comparison  between  the 
briquets,  the  crushing  strength  of  many  of  them  was  determined  on 
a  200,000-pound  Olsen  machine.  When  only  a  1-ton  lot  was  made 
the  best  briquets  were  selected  for  these  tests,  as  it  was  reasonable 
to  suppose  that  in  making  larger  quantities  the  average  briquet  would 
be  equal  to  the  better  ones  made  in  small  lots.  Of  the  5  to  15  ton 
lots,  the  average  briquets  were  taken. 

The  briquets  were  tested  on  the  machine  lengthwise,  so  that  their 
position  gave  a  uniform  area  of  28.7  square  inches,  the  cross-section 
area  of  the  molds.  The  thickness  of  the  briquets  varied  from  5.75 
to  6  inches,  depending  on  the  pressure.  Any  differences  due  to  lack 
of  parallelism  between  the  ends  were  automatically  corrected  by  the 
swiveling  head  of  the  machine.  Pieces  of  millboard  were  placed 
between  the  briquets  and  the  steel.  The  slowest  speed  of  compression 
-was  the  most  satisfactory. 

•  Bcport  of  tbA  United  Statee  ftiel-tastfaig  plant  at  St.  LouJa,  Mo.,  Jan.  1, 1906,  to  June  30, 1007,  J.  A. 
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A  compai'ison  of  the  compression  tests  of  briquets  made  of  anthra- 
cite coal  and  briquets  made  of  anthracite  and  soft  coking  coal  shows 
that  the  crushing  strength  of  the  latter  is  less,  although  it  stands  the 
weather  somewhat  better  than  the  anthracite  briquet  with  pitch  alone. 

The  coke-breeze  briquets  were  far  stronger  than  any  others  made, 
as  is  indicated  by  the  results  of  the  compression  tests. 

Althoiigh  the  results  of  the  compression  tests  are  to  some  extent 
comparable  one  with  another,  they  do  not  give  the  desired  informa- 
tion regarding  the  actual  strength  or  endurance  of  the  briquets,  for 
in  some  instances  the  crushing  strength  is  rather  high,  whereas  the 
briquets  themselves  could  not  have  been  handled  to  any  great  extent 
without  breaking.  The  most  satisfactory  test  for  determining  the 
strength  of  the  briquets  is  afforded  by  the  drop  and  tiunbler  tests. 
These  give  results  that  may  be  compared,  and  determine  the  relative 
strength  of  the  briquets  and  the  amount  of  handling  they  will  stand 
in  transportation. 

The  compression  test  was  discontinued  at  the  St.  Louis  plant,  as 
the  results  from  briquets  made  of  the  same  coal  and  under  similar 
conditions  did  not  check.  This  difference  was  probably  due  to  a 
lack  of  uniformity  in  the  composition  of  the  various  briquets  of  a 
test.  In  the  laboratory  tests  made  at  Pittsburgh,  however,  the 
compression  test  was  found  useful  to  determine  the  comparative 
strength  of  briquets  made  on  the  hand  experimental  press,  as  in  these 
tests  conditions  of  heating  and  mixing  could  be  closely  controlled,  and 
only  five  briquets  weighing  less  than  one-half  pound  each  were  made 
for  each  test.  This  number  was  too  small  for  the  drop  or  tumble 
tests.  These  briquets,  being  flat-ended  cylinders  3  inches  in  diameter 
and  about  1^  inches  thick,  were  suitable  for  making  compression 
tests  on  the  hydrauUc  press  on  which  they  were  formed  by  removing 
the  mold  and  substituting  flat  plates.  The  results  obtained  from 
these  tests  of  laboratory  briquets  agreed  with  sufficient  closeness  to 
determine  the  r^ative  strength  produced  by  different  percentages  of 
binder. 

OHElaOAL  TB8T8. 

Chemical  analyses  were  made  of  the  fuels  and  binders  used  and 
the  briquets  manufactured.  In  most  cases  proximate  analyses 
only  were  made  of  the  briquets.  Ultimate  analyses,  as  well  as  proxi- 
mate analyses,  were  generally  made  of  the  briquetted  fuels. 

PROXIMATE  AND  ULTIMATE  ANALYSES. 

The  proximate  analyses  (including  sulphur)  hereia  reported  are 
in  terms  of  as  received.''  That  is,  the  results  of  the  analyses  were 
calculated  on  the  sample  with  the  moisture  in  it  as  received  at  the 
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BULLETIN    53      PLATE   XVI 


A.     BRIQUETS  AT  BEGINNING  OF  WEATHERING  TEST. 


B.     BRIQUETS  AFTER  EXPOSURE  FOR  9  DAYS. 
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BULLETIN   68      PLATE   XVII 


A.     BRIQUETS  AFTER  EXPOSURE  FOR  24  DAYS. 


B.     BRIQUETS  AFTER  EXPOSURE  FOR  34  DAYS. 
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A.     BRIQUETS  AFTER  EXPOSURE  FOR  66  DAYS. 


B.     BRIQUETS  AFTER  EXPOSURE  FOR  96  DAYS. 
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A.     BRIQUETS  AFTER  EXPOSURE  FOR   126  DAYS. 
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B.     BRIQUETS  AFTER  EXPOSURE  FOR  166  DAYS. 
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.A.     BRIQUETS  AFTER  EXPOSURE  FOR  226  DAYS. 


B.     BRIQUETS  AFTER  EXPOSURE  FOR  286  DAYS. 
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laboratoiy  and  not  on  the  basis  of  the  dry  coal.  The  ultunate 
analyses  herein  reported  are  on  a  moisture-free  basis^  as  in  this  form 
Uie  analyses  are  more  useful  for  comparison  and  future  study. 

MOISTURE  TEST. 

In  carrying  out  the  lignite  tests  at  Pittsburgh  it  was  necessary  to 
make  rapid  and  frequent  moisture  determinations  for  controlling  the 
drying  of  the  fuel. .  As  the  usual  methods  of  determining  moisture 
were  not  rapid  enough  a  special  method  was  devised  by  F.  M. 
Stanton^  chemist  in  charge  of  the  fuel  laboratory.  The  procedure 
was  as  follows:  Fifty  grams  of  coarsely  crushed  lignite  was  placed  in 
a  distilling  200-c.  c.  flask,  covered  with  70  c.  c.  of  kerosene;  and  heated 
over  a  gas  flame.  The  moisture  driven  off  was  condensed  in  a  Liebig 
condenser  and  run  into  a  tall  25-c.  c.  measuring  cylinder  or  burette. 
The  distillation  was  carried  on  until  a  thermometer  in  the  flask  showed 
a  final  temperature  of  350^  F.  The  quantity  of  water  in  the  measuring 
cylinder  was  noted  when  the  thermometer  in  the  flask  registered  250^  F. ; 
300*^  F.,  and  350°  F.,  and  the  percentage  of  moisture  in  the  sample  was 
taken  as  the  percentage  of  moisture  distilled  at  300°  F.  Of  course, 
some  of  the  kerosene  distilled  over,  but  it  readily  separated  from  the 
water,  and  the  quantity  of  the  latter  in  the  measuring  cylinder  could 
be  accurately  read. 

EXTRACTION  TEST. 

To  determine  the  percentage  of  bitumen  or  natural  binding  material 
m  the  raw  or  briquetted  fuel,  samples  were  extracted  with  carbon 
bisulphide  in  a  Soxhlet  apparatus  in  the  following  manner: 

Five  grains  of  the  finely  ground  material  was  weighed  in  an  extrac* 
tion  thimble  and  extracted  in  a  flask  that  had  been  dried  for  one- 
half  hour  at  108^  C,  and  was  cooled  in  a  desiccator  and  weighed. 
After  the  material  had  been  in  the  extractor  five  hours  the  carbon 
bisulphide  in  the  flask  was  distilled  and  recovered  in  the  Soxhlet 
extractor;  the  flask  and  its  contents  were  dried  at  108^  C.  for  one 
hour,  cooled,  and  weighed,  and  the  percentage  of  material  extracted 
was  calculated  from  the  weight  of  the  residue. 

From  the  results  of  the  extraction  tests  of  fuel,  bituminous  binder, 
and  briquets  it  was  possible  to  calculate  the  percentage  of  pitch  - 
binder  present  in  the  briquet  by  the  use  of  the  following  equation: 

100  (A-B) 

in  which  x  \a  the  percentage  of  pitch  binder  present;  A  is  the  extraction 
figure  of  the  briquet,  calculated  to  an  '' as-received"  basis;  B  is  the 
extraction  flgure  of  the  coal  used,  calculated  to  an  *' as-received" 
basis;  C  is  the  extraction  figure  of  the  pitch  binder  used,  calculated 
to  an  "as-received"  basis.  ^         I 
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COMBUSTION  TESTS. 

Combustion  tests  were  made  of  the  fuels,  binders;  and  briquets. 
Heat>-yalue  determinations  were  made  by  the  chemical  laboratory 
using  the  Mahler  bomb  calorimeter.  The  heating  value  of  the 
materials  was  abo  calculated  from  their  analyses,  but  as  the  Mahler 
bomb  furnishes  more  reliable  data  on  the  heat  value,  the  results  of 
the  bomb  tests  only  are  included  in  this  report.  The  heat  values  in 
this  report  are  on  a  moisture-free  basis  unless  otherwise  noted. 

STEAMING  TESTS. 
STATIONARY-BOILBB  TESTS. 

The  only  method  available  at  St.  Louis  for  determining  the  relative 
heating  values  of  briquets  consisted  in  burning  them  under  boilers, 
the  conditions  being  uniform  with  those  for  the  steaming  tests  of 
coals.  These  tests  were  made  by  the  boiler  section  in  every  case 
where  there  was  a  sufficient  number  of  briquets,  and  are  reported 
under  '^steaming  tests"  in  this  bulletin.  When  coal  was  not  avail- 
able to  make  on  each  machine  enough  briquets,  with  the  same  per- 
centage of  binder,  for  a  complete  steaming  test  on  both  the  English 
and  Renfrow  briquets,  the  test  was  divided  into  five-hoiur  runs  for 
each  machine. 

Several  small  lots  of  briquets  containing  various  percentages  of 
binder  were  burned  under  the  boiler  to  show  the  behavior  of  the 
briquets  in  the  fire  and  the  eflFect  on  the  quantity  of  smoke  pro- 
duced, but  the  main  test  was  of  briquets  of  a  uniform  percentage  of 
binder.  In  many  tests  it  was  necessary  to  break  up  the  English 
briquets  in  order  to  obtain  capacity  on  the  boiler,  although  every 
effort  was  made  to  bum  them  unbroken  for  comparative  results. 

Besides  these  tests  of  briquets  at  the  plant,  two  series  of  tests  were 
run — one  using  the  briquets  in  locomotive  boilers  and  the  other  in 
boilers  for  house  heating.  In  many  tests  the  product  was  divided^ 
part  being  used  for  a  house-heating  test  and  part  for  a  locomotive 
uesb.  • 

The  combustion  tests  made  with  briquetted  fuel  in  stationary, 
locomotive,  and  house-heating  boilers,  and  the  briquetting  test  num- 
ber from  which  the  briquets  were  obtained,  are  shown  in  the  table 
following.  This  table  furnishes  a  key  to  the  composition,  methods 
of  making,  and  qualities  of  the  briquets  used.  The  steaming  tests 
mentioned  in  the  third  column  under  ** Regular  steaming  test  No." 
are  reported  in  Bureau  of  Mines  Bulletin  23.^  The  locomotive  tests 
are  listed  in  the  fourth  column.    The  Seaboard  Air  line  locomotive 

a  Breckenridge,  L.  P.,  Kreisinger,  Henry,  and  Ray,  W.  T.,  Steaming  testa  of  ooato  and  related  inrestl- 
gations,  Sept.  1, 1904,  to  Deo.  31, 1906,    1913.    880  pp.,  2  pb.,  94  fl^k 
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tests  mentioned  are  described  in  Bureau  of  Mines  Bulletin  23,^ 
mentioned  above,  and  in  Bulletin  34,  Bureau  of  Mines.^  The  loco- 
motive tests  of  the  Pennsylvania  18  (Uoydell)  coal  are  described  in 
Bureau  of  Mines  Bulletin  37.*  The  locomotive  tests  made  by  the 
Atlantic  Coast  Line  Railroad  Co.  and  the  Chesapeake  &  Ohio  Rail- 
way Co.  are  also  described  in  Bulletin  37,  mentioned  above. 

The  steaming  tests  of  briquets  in  house-heating  boilers  are  described 
in  Bureau  of  Mines  Bulletin  27.^  The  steaming  tests  of  briquets 
on  the  U.  S.  torpedo  boat  Biddle  are  described  in  Bulletin  33  of  the 
bureau.* 

KEY  TO  8TEAMINO  TESTS. 

A  r6sum6  of  the  locomotive,  house-boiler,  and  torpedo-boat  tests 
is  included  in  this  bidletin  for  the  benefit  of  readers  who  may  not 
have  copies  of  the  bulletins  mentioned  above. 

Key  to  steaming  tests  of  briquets. 


Briquet- 
ti^test 

Briquets  used  in- 

Field  designation. 

Regular 
steaming 
test  No. 

Looomotive 
test  No. 

House 

bofler 

test  No. 

AlAbaana  2 

131 
123 
180 
106 
/164 
214 
221 
244 
180 
100 
233 
234 
166 
177 
181 
103 
104 
113 
116 

410 
413 
485 

Atot)aina4 

ArwuntiPftl.. 

Arnnims  7 

Ar1n»«"*uf  13 

45 

I>o 

I>o 

mtnofsTR.... _-. 

48 

niinofs  of^ 

492 
497 

IK) 

I>o 

I>o 

39 

Illinofi^  12B  W 

463 

26,26,27 

Do 

13 

Do 

miYiob  20.  mixed  with  Kentiickr  2F       

Do 

Illinois  31 

318 
321 
322 

Illfnofa  93 

Do 

TI1iDofff2RA 

140 
141 
142 
143 
162 
163 
144 

(         158 
159 

I         160 
161 
170 
171 
175 
225 
226 
228 

Do    ...                           

3,13,15,19 

Do 

Do 

Do 

459 
459 

Do 

Tllino**  28P 

16,17,18,20 

21,22 

14 

Do 

Do 

niinofe  »A . .   

466 
465 
466 
511 
511 

Do 

9 

niiiiois29B 

12 

Illifipta.in.,., 

Do 

Do 

a  Pp.  321-329. 

»  Ray.  W.  T.,  and  Kraisinser,  Henry,  Tests  of  ron-of-mine  and  briquetted  coal  in  a  locomotive  boiler. 
33  pp.,  0  to.  (reprint  of  U.  S.  Oeol.  Surrey  Bull.  412). 

c  OoML  w.  F.  M.,  Comparative  tests  of  run-of-mine  and  briquetted  ooal  on  locomotives.  58  pp.,  4  pis., 
35  fljra.  (reprint  of  tJ.  8.  Geol.  Survey  Bull.  363). 

a.  Randau,  D.  T.,  Tests  of  ooal  and  briquets  as  fuel  for  house-heating  boilers.  44  pp.,  3  pis.,  2  figs-  (reprint 
of  U.  B.  GeoL  Survey  Bull.  366). 

'  RaTl'^-  I'm  and  Kreisinger,  Henry,  (Comparative  tests  of  run-of-mine  and  briquetted  coal  on  the  torpedo 
iMmtBOdU.   fiOpi     -^'  .  .    .«  «   ^    -  -  -...„. 

/Briquets  from  1 


Ray,  W.  T.,  and  Kreisinger,  Henry,  (Comparative  tests  of  run-of-ml 
t  JBOdie.  50  pp.,  10  figs,  (reprint  of  U.  B.  Oeol.  Survey  BuU.  33). 
Sriqaets  from  this  test  were  used  in  water-gas  machine  test. 
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FUEL-BBIQUETTING  INVESTIGATIONS. 
Key  to  steaming  tests  of  briqueta — Continued. 


Briquet- 
ting  test 

Briquets  used  in- 

Field  designation. 

Regular 
steaming 
test  No. 

Locomotive 
test  No. 

House 

boiler 

test  No. 

VWoin  31 

186 
186 
224 
237 
206 
207 
210 
235 
217 
229 
230 
220 
227 
165 
169 
135 
136 
137 
138 
139 
145 
146 
147 
148 
149 
167 

}§ 

154 
155 
156 
167 
182 
183 
194 
196 
199 
203 
204 

102 

191 
192 
193 
231 
178 
179 
241 

245 

246 
176 
184 
172 
178 
174 
196 

197 

200 
201 
202 
206 

232 

236 
260 
243 
238 
239 
240 
248 
218 
219 
242 

491 

489 

Do 

Do 

33,34 
44 

Do 

TllfnnlH  33 , _ . 

Do 

Do 

Do 

43 

TndlftPftIB 

46 
46,50 

37 

Do 

36 

Tfi^^pa^B 

Do 

38 

ThiIUtmi  19 .    

464 

28,94 
52 

IndianA  20                           

Indiftn  TwTitrorv  2B 

Do 

Do 

Do 

456 

Do 

Do 

Do 

Do 

Do 

463 

5,6,10,11,12 
9 

11 

Do 

Do 

456 

10 

Do 

IndJan  Territory  2C 

465 

455 
465 
465 
460 
487 
488 
495 

Do 

Do 

Do 

Indian  Territory  9 

iTfwiwf  2B 

39 
38 
86 

40 

Do...: 

1 

Do..; 

Do 

Do 

83,34 

37 

35 

Big  Four  R. 

R.I»eUm- 

inarytests. 

Do 

Do 

Kentucky  2B 

Mftrylftnd  2. 

483 
498 
403 
518 
486 
486 

bo 

Do 

Do 

'kfS'H 

Missouri  10                                               

Do 

Do 

59,61 
63 

Do 

} 

Do 

Pennflylmnla  15 

467 

Pennsylvania  16,  mixed  with  Rhode  Island  1 

47 

PnnnAylvi^Tiift  1ft.' 

468 
468 
468 

Do 

Do 

PAtiTisylvania  18 

79,90 

Do 

515 

) 

Do 

Do 

499 
499 

Do 

Do 

Do 

{"•"•"li.'Si 

}    ».» 

Do 

Do 

Pennsylvania  18  and  Rhode  Island  1 

35 

p^n.qyivanl^  18  and  MLscellaneous  9 

49 

Do 

50,51 
66 

Do 

Do 

Pennsylvania  19. ,  . 

508 
508 

Do 



Do 
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TBSTS  TO  WHICH  BBIQXJETS  WEBE  SX7BJECTED. 
Key  to  steaming  testa  c>/'&r^fue(«--Oontinued. 


Ill 


"U 

_t.>_^A 

Bzlquetsuaedln- 

Field  desicnatton. 

*^o^ 

Regular 

fft^TPine 

Looomotiye 
test  No. 

House 
boiler 

test  No: 

teat  No. 

FmnvylTSDiB  20. 

196 
208 
200 
212 
213 
215 
216 
211 
222 
223 
127 
133 
184 
243 
130 
120 
150 
151 
121 
322 

.  26,27 

Do 

514 
514 

Do 

Do 

Do 

41,42 

Do 

512 
512 

Do 

Pfntijfyivmia  22 : 

16,17 

Do 

510 

510 

Do 

18,19 

Rhode  laland  1  and  Utah  1 

Rhode  Island  1  and  Utah  2 

Rhode  Island  1  and  Pemieylvania  is 

47 

Rhode  Island  1  and  PennsylvanJa  18 

35 

I'mnemee  l '. 

400,411 
406 

Tgrnffimw  4    . . , 

TmnfliMw  A  fliMl  tf  ijKM^naniwnf  f 

Do 

TfniMnfn7A 

406 

P-Uo 

H86,H87 
H88,H80 

P-14a. 

W 

Briquets  used  on— 

Field  designation. 

>. 

Torpedo  boat, 

BOdU  test 

No. 

Seaboard4ooo- 

motlve  test 

No. 

House 

boiler 

test  No. 

J-« 

260 
272 
276 
286 
287 
280,281 

4,5,6.. 
17,18,1 
10.11.1_ 

J-« 

0 

J-11 

9.  IS.  90 

J-13 

i5,iili2,'i4!!!.* 

C.  <k  O.  looo- 
moUve  tests; 
no  numbers 

At^So  Coast 
Ltaie     looo- 
mptive  tests. 

BftttlAnhln 

J-13 

(*) 

J-15 

J-16 

J-17 

Connecticut. 

a  Gas-producer  test  188. 

h  Combustion  test  in  kitchen  stove  made  at  Pittsburgh;  see  Bull.  14,  Bureau  of  Mines,  1911,  pp.  40-41. 

LOCOMOTXYB-BOILBB  TBSTS. 

Two  hundred  tons  of  Arkansas  semianthracite  slack  coal  was  made 
into  briquets  at  St.  Louis  for  the  purpose  of  preliminary  tests  of  their 
suitabiUtj  for  use  in  locomotives.  Twelve  tons  of  this  coal  was  made 
on  a  Renfrow  machine  into  10-ounce  biscuil^shaped  briquets.  The 
remainder  was  made  into  briquets  4}  by  6}  by  2}  inches^  averaging 
about  3J  pounds  each.  From  6  to  6 J  per  cent  of  pitch  was  used  as  a 
binding  material  in  all  these  briquets. 

After  a  few  tests  on  a  switching  engine  to  determine  the  best  method 
of  firing  these  briquets,  two  tests  were  made  on  the  regular  passenger 
locomotive  of  the  Missouri  Pacific  Railway  from  St.  Louis  to  Sedalia, 
Mo.,  a  distance  of  188  miles.  On  a  similar  run  made  by  this  passenger 
train,  with  the  same  engine  and  fireman,  lump  coal  was  used  from  the 


112  FUBL-BBIQUETTING  INVESTIGATIONS. 

Consolidated  Coal  Co.'s  No.  17  mine^  at  Collinsville,  111.,  this  coal 
being  taken  as  a  fair  average  of  that  ordinarily  used  by  the  Missouri 
Pacific  Railway  Co.  The  water  and  coal  consumed  were  in  each  case 
carefully  we^hed,  but  in  these  preliminary  tests  no  records  were  made 
of  the  steam  pressures  and  temperatures  of  the  feed  water. 

The  engine  steamed  freely  on  each  of  the  three  tests.  No  clinkers 
were  formed  on  the  grates  or  tube  sheet  with  the  Illinois  bituminous 
coal.  A  light  clinker  was  formed  over  the  grates  in  both  runs  with 
the  Arkansas  coal,  which,  however,  did  not  interfere  with  the  engine 
making  the  required  amount  of  steam.  The  tube  sheet  clinkered  on 
the  run  using  Benfrow  briquets,  and  it  was  necessary  to  clean  off  the 
clinker  at  Jefferson  City,  125  miles  from  St.  Louis.  In  both  tests  the 
briquets  produced  little  smoke  and  were  reported  as  being  a  satisfac- 
tory fuel  for  locomotives  in  the  service  of  this  railroad.  The  mechan- 
ical engineer  of  the  company,  under  whose  supervision  these  tests 
were  made,  expressed  the  opinion  that  the  advantages  gained  in 
binning  the  briquets  were  more  than  Sufficient  to  cover  the  cost  of 
their  manufacture. 

In  cooperation  with  the  Missouri  Pacific,  the  Lake  Shore  &  Michigan 
Central,  the  Chicago,  Rock  Inland  &  Pacific,  the  Chicago,  Burlington 
&  Quincy,  and  the  Chicago  &  Eastern  Illinois  Bailroads,  100  locomo- 
tive tests  were  made  by  the  United  States  Geological  Siunirey  to 
determine  the  value,  as  a  locomotive  fuel,  of  briquets  made  from  a 
large  number  of  western  coals.  All  tests  were  made  on  locomotives 
in  actual  service  on  the  road.  In  some  tests  there  was  small  oppor- 
tunity for  procuring  elaborate  data,  but  in  others,  where  dynamometer 
cars  were  employed,  it  was  possible  to  obtain  more  detailed  results. 
The  purpose  that  these  tests  were  intended  to  serve  was  not  so  much 
to  determine  the  evaporative  efficiency  of  briquets  as  to  investigate 
their  behavior  in  practical  use. 

Briquets  made  from  Arkansas  semianthracite,  two  qualities  of 
Indian  Territory  slack,  Indian  Territory  screenings,  Missouri  slack, 
Indiana  Brazil  Block  slack,  coke  breeze,  and  a  mixture  of  coke  breeze 
and  washed  Illinois  coal  were  tested.  Comparisons  were  drawn 
either  with  the  same  coal  that  was  used  in  the  briquet  or  with  coal 
similar  to  it.  In  nearly  every  test  the  coal  when  burned  in  the  form 
of  briquets  gave  a  higher  evaporative  efficiency  than  when  burned  in 
the  natural  state.  For  example,  Indian  Territory  screenings  give  a 
boiler  efficiency  of  59  per  cent,  whereas  briquets  made  from  the  same 
coal  give  an  efficiency  of  65  to  67  per  cent.  Decrease  in  smoke 
density,  the  elimination  of  objectionable  clinkers,  and  a  seeming 
decrease  in  the  quantity  of  cinders  and  sparks  are  named  as  the  chief 
reasons  for  this  increased  efficiency. 

Locomotive  tests  at  AUoona,  Pa. — ^A  series  of  steaming  tests  on  a 
locomotive  was  made  under  the  direction  of  A.  W.  Oibbs,  general 
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superintendent  of  motive  power  of  the  Pennsylyania  Railroad  Co., 
by  E.  D.  Nelson,  engineer  of  tests  at  Altoona,  Pa.,  to  determine  the 
comparative  evaporative  efficiency  of  briquets  and  of  the  run-of- 
mine  coal  of  which  they  were  made.  The  coal  selected  for  the  tests 
was  taken  from  a  mine  working  the  Lower  Elttanning  coal  bed  near 
Uoydell,  Cambria  Comity,  Pa.  This  coal  is  a  very  friable,  bitumin- 
ous coal,  low  in  volatile  matter.  After  exposure  to  the  weather  for 
30  days  before  being  briquetted  the  lot  of  coal  showed  Uttle  change 
except  a  decided  increase  in  moisture,  which,  however,  was  elimi- 
nated in  the  briquetting  process.  The  briquets  tested  on  this  loco- 
motive were  of  two  sizes,  namely,  those  from  the  English  machine 
and  those  from  Renfrew  No.  1  machine.**  The  proportion  of  binding 
material  present  ranged  from  5  to  8  per  cent  of  water-gas  pitch. 

The  locomotive  used  for  all  tests  was  a  simple  Atlantic  (4-4-2) 
type  of  passenger  locomotive  of  the  Pennsylvania  Railroad  Co.'s 
class  El-2a.  The  following  conclusions  are  warranted  from  these 
tests  according  to  W.  F.  M.  Ooss: 

The  evaporation  per  pound  of  fuel  is  greater  for  the  briquetted 
Lloydell  coal  than  for  the  same  coal  in  its  natural  state.  This  advan- 
tage is  maintained  at  all  rates  of  evaporation.  The  capacity  of  the 
boiler  is  considerably  increased  by  the  use  of  briquetted  coal.  Briquet- 
ting  appears  to  have  little  effect  in  reducing  the  quantity  of  cinders 
and  sparks;  the  calorific  value  of  cinders,  however,  ia  not  so  high  in 
the  briquetted  as  in  the  natural  fuel.  The  density  of  the  smoke  with 
the  briquetted  coal  is  much  less  than  with  the  natural  coal.  The 
percentage  of  binder  in  the  briquet  has  little  influence  on  smoke 
density.  The  percentage  of  binder  for  the  range  tested  appears  to 
have  little  or  no  influence  on  the  evaporative  efficiency. 

The  expense  of  briquetting  under  the  conditions  of  the  experi- 
ments adds  about  $1  per  ton  to  the  price  of  the  fuel,  an  amount  that 
does  not  seem  to  be  warranted  by  the  resulting  increase  in  evaporar- 
tive  efficiency.  With  careful  firing,  briquets  can  be  used  at  terminals 
with  a  considerable  decrease  in  smoke.  The  briquets  appear  to 
withstand  exposure  to  the  weather  and  suffer  httle  deterioration 
from  handling. 

Tests  of  briquets  on  locomotive  at  NorfoTk,  Va. — ^In  connection  with 
the  work  at  Norfolk,  comparative  steaming  tests  were  made  in  sta- 
tionary, marine,  and  locomotive  boilers  with  run-of-mine  coal  and 
the  same  coal  formed  into  briquets  of  two  sizes.  The  tests  in  a  loco- 
motive boiler  were  undertaken  by  W.  T.  Ray  and  Henry  Kreisinger 
to  add  cumulative  evidence  to  work  done  at  other  places.  They 
were  made  possible  through  the  courtesy  of  the  Seaboard  Air  Lone 
Railway  Co.  in  supplying  both  the  locomotive  and  the  coal  used. 
During  the  trials  the  locomotive  stood  on  a  side  track  in  the  shop 

•  For  ihapeB  and  aIsM  of  tbow  briqueta  aee  the  deacrtptioii  of  the  Renftow  No.  1  machloe  (p.  26). 
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yards  of  the  railway  company  at  Portsmouth^  Va.  No  nmning  tests 
were  made. 

The  primary  object  of  the  tests  was  to  study  the  relative  per- 
formances of  the  two  types  of  briquets,  and  of  the  coal,  with  reference 
to  efficiency,  tendency  to  smoke,  and  the  ease  with  which  steam 
could  be  kept  up,  when  each  of  the  three  varieties  of  fuel  was  burned 
at  several  rates  of  combustion. 

All  of  the  coal  was  in  run-of-mine  form  from  the  Turkey  Crap  mine, 
Pocahontas  No.  3  bed  at  Ennis,  McDowell  County,  W.  Va.  Part  of 
it  went  to  the  briquetting  section  of  the  fuel-testing  plant  at  Norfolk, 
where  it  was  designated  Jamestown  No.  13  and  made  into  two  sizes 
of  briquets  on  the  English  and  Renfrew  No.  2  machines.^ 

Ray  and  Sureisinger  ^  give  the  following  conclusions  from  this  set  of 
tests: 

The  combustion  of  suitable  fuel  can  be  kept  at  about  the  same 
completeness  over  a  wide  range.  This  is  the  result  of  the  scrubbing 
action  of  rapidly  moving  currents  of  gases.  In  the  case  of  combus- 
tion in  the  fuel  bed,  the  CO,  formed  at  the  surface  of  the  particles 
of  fuel  is  replaced  by  fresh  uncombined  oxygen. 

At  low  rates  of  working,  run-of-mine  coal  gives  a  higher  equivalent 
evaporation  than  briquets;  at  medium  rates  there  is  little  diJfference; 
at  high  rates,  briquets  do  considerably  better.  There  is  little  differ- 
ence between  the  large  and  the  small  briquets;  the  larger  ones 
crumble  less.  The  smaller  briquets  are  easier  to  fire  than  are  the  larger 
ones;  either  form  gives  the  fireman  far  less  work  and  trouble  than 
run-of-mine  coal.  In  sparks  briquet  fires  lose  less  than  coal  fires. 
On  roads  having  heavy  grades  it  wiU  probably  pay  well  to  bum 
briquets,  at  least  part  of  the  time. 

The  high-capacity  test  run  with  briquets  (test  14)  was  by  no 
means  the  upper  limit  of  fairly  efficient  combustion  and  evaporation. 
These  particular  briquets  produced  about  as  much  smoke  as  the 
coal  under  similar  conditions;  some  of  the  blame  for  this  tendency 
to  smoke  may  rest  on  the  pitch  binder. 

Perhaps  it  would  pay  to  add  combustion  chambers  several  feet 
long  to  the  front  of  locomotive  fire  boxes,  and  to  use  a  larger  number 
of  shorter  and  smaller  boiler  tubes. 

The  details  of  these  tests  may  be  found  in  Bureau  of  Mines  Bul- 
letin 34.* 

Tests  on  the  Chesapeake  cfe  Ohio  Railway. — ^In  December,  1907,  the 
United  States  Geological  Survey  cooperated  with  the  Chesapeake  & 
Ohio  Railway  Co.  in  making  a  series  of  comparative  road  tests  of 
run-of-mine  coal  and  briquets  of  the  same  coal  on  a  locomotive  in 
regular  service.    These  tests  were  conducted  under  the  supervision 

a  For  alMB  and  ahap«8  of  these  briquets  see  descripUons  of  these  machines. 

»  Ray,  W.  T.,  and  Ereldnger,  Heniy,  Tests  of  nuHif-mJne  and  briqaatted  ooal  In  a  iooomothre  bollec. 
60  pp.,  10  flffs.  (reprint  of  U.  S.  Oeol.  Survey  Bull.  412).  ^<-^  t 
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of  J.  F.  Walsh,  superintendent  of  motive  power.  One  car  of  fuel 
was  used  in  tests  on.  a  passenger  locomotive  between  Old  Point  and 
Richmond,  Va.,  and  four  cars  on  through  express  locomotives 
between  Washington,  D.  C,  and  Charlottesville,  Va.  The  briquets 
were  made  at  the  fuel-testing  plant  of  the  Geological  Survey  at  Nor- 
folk, Va.,  from  run-of-mine  coal  furnished  by  the  railroad  company, 
with  6  per  cent  of  water-gas  pitch  used  as  a  binder. 

The  coal  for  these  tests  came  from  the  Fire  Creek  coal  bed  at 
Ifinden,  New  River  district.  West  Virginia.  The  sample  consisted 
of  run-K)f-mine  coal  and  reached  the  testing  plant  after  having  been 
exposed  to  the  weather  8  to  16  days. 

No  attempt  was  made  in  these  tests  to  make  careful  measurements 
of  fuel  and  water;  however,  during  the  tests  the  following  facts  were 
developed:  The  briquets  ignited  freely,  made  an  intensely  hot  fire, 
and  emitted  very  little  smoke.  It  was  found  that  a  comparatively 
heavy  fire  could  be  carried  without  danger  of  cHnkering.  Few  ashes 
were  left  in  the  fire  box  or  ash  pan,  and  the  cinder  deposit  was  small. 
The  results  do  not  show  that  any  apparent  improvement  in  evaporative 
efficiency  was  obtained  by  the  use  of  briquets,  as  compared  with  that 
obtainable  from  the  natural  fuel. 

Tests  on  (he  AUarUic  Coast  Line  Railroad. — W.  F.  M.  Goss,  in 
Bureau  of  Mines  Bulletin  37  *  gives  a  synopsis  of  tests  of  briquets 
on  the  Atlantic  Coast  Line  Railroad.  That  synopsis  is  abstracted 
below. 

The  results  of  comparative  tests  of  run-of-mine  New  River  coal  and 
of  briquets  of  the  same  fuel,  made  in  December,  1907,  on  a  locomotive 
in  the  regular  passenger  service,  are  presented  in  the  following  table. 
The  tests  were  conducted  under  the  supervision  of  R.  E.  Smith, 
general  superintendent  of  motive  power  of  the  railroad,  in  coopera- 
tion with  the  United  States  Geological  Survey.  Sixteen  complete 
test  trips  were  run  between  Rocky  Mount  and  Wilmington,  N.  C, 
with  the  same  engine,  crew,  and  trains.  An  equal  number  of  tests 
were  made  with  run-of-mine  coal  furnished  by  the  railroad  company 
and  with  round  and  rectangular  briquets  made  at  the  Geological 
Survey  fuel-testing  plant  at  Norfolk,  Va.,  with  6  per  cent  of  water-gas 
pitch  binder. 

Results  of  comparative  tests  of  New  River  coal  and  of  briquets. 


Item. 


Coal.      Briquets. 


Nomber  or  test  tripe 

Total  pounds  coiuciined 

ATorage  pounds  consumed  per  trip.. 

ATenge  tons  consumed  per  trip 

Total  engine-miles 

Total  carmiles 

Pounds  consumed  per  car-mile 

Avenge  can  per  train 


16 

16 

m,7oo 

161,1»0 

10, 7W 

10,124 

6.307 

5.062 

1,9S4 

1,984 

10,912 

12.896 

15.8 

12.5 

5.5 

6.5 

•  GosB,  W.  F.  H.,  Compantive  tests  of  run-of-mine  and  briquetted  coal  on  locomotives.    58  pp.,  4  pis., 
35fiCik  (reprint  of  U.  S.  OeoL  Survey  Bull.  363).  GoOqIc 
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It  is  reported  that  from  a  practical  standpoint  the  briquets  thus 
tested  were  very  satisfactory.  Their  use  was  found  to  eliminate  all 
black  smoke.  No  objectionable  clinker  was  formed  and  the  fuel 
seemed  to  bum  completely. 

TESTS  ON  TORPEDO  BOAT  "BTODLB.** 

The  fuel  tests  conducted  at  Norfolk  included  a  detailed  investiga- 
tion of  a  number  of  Virginia  and  West  Virginia  coals  that  are  bought 
by  the  United  States  Government  for  the  Navy  and  for  use  in  con- 
structing the  Panama  Canal,  and  are  extensively  used  by  the  mer- 
chant marine,  manufacturing  plants,  and  railroads.  Through  a 
cooperative  arrangement  with  the  Navy  Department,  steaming  tests 
of  the  coals  and  their  briquets  were  undertaken  to  determine  their 
relative  merits  in  marine  boilers. 

The  tests  were  made  on  board  the  U.  S.  torpedo  boat  Biddle,  begin- 
ning December  6,  1907,  and  ending  January  27,  1908,  by  W.  T.  Ray 
and  Henry  Ereisinger.  The  results  are  reported  in  Bureau  of  Mines 
Bulletin  SS.'^ 

The  coal  used  in  these  tests  came  from  the  SeweU  and  Beckley  beds 
in  the  New  River  district  of  West  Virginia.  With  the  particular 
equipment  used  in  the  test  both  coal  and  briquets  were  far  from 
smokeless.  The  possibilities  of  coals  of  different  composition  are 
indicated  by  the  data  to  be  published  later  by  the  Bureau  of  Miues. 
A  number  of  tests  were  made  in  which  only  little  smoke  was  emitted 
while  burning  raw  coal  from  the  Pocahontas  No.  3  coal  bed,  West 
Virginia,  and  briquets  made  therefrom.  At  a  combustion  rate  of 
120  pounds  of  the  Pocahontas  briquets  per  square  foot  of  grate  sur- 
face there  was  scarcely  any  smoke. 

The  coal  used  in  these  tests  and  in  making  the  briquets  was  all  in 
run-of-mine  form  and  came  from  three  different  mines,  all  of  which 
are  located  on  the  Chesapeake  &  Ohio  Railway  and  in  the  New  River 
coal  field.  These  coals  are  designated  Jamestown  No.  6  ^,  James- 
town No.  9  *,  and  Jamestown  No.  1 1  *.  The  briquets  were  made  on  the 
English  and  Renfrow  No.  2  machines  at  Norfolk,  Va. 

The  main  object  of  these  tests  was  to  determine  whether  the  use  of 
briquetted  coal  on  torpedo  boats  has  any  advantages  over  the  use  of 
raw  coal.  Besides  comparing  the  economy  obtained  with  briquetted 
and  raw  coal,  the  followiiig  properties  of  the  two  fuels  were  given 
particular  attention:  The  tendency  to  smoke;  the  amount  of  sparks 
emitted  from  the  stack;  the  rate  at  which  steam  can  be  made  and 
the  ease  with  which  the  fires  are  handled;  and  the  ease  of  transferring 
fuel  from  the  coal  bunkers  into  the  fireroom. 

a  Ray,  W.  T.,  and  Kreisiiiger,  Henry,  Compaiativd  tests  of  nm-of-mlne  and  briquetted  oocd  on  the 
torpedo  boat  BiddU. 
b  See  table,  p.  41. 
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In  all,  21  tests  were  made,  10  with  nm-of-mine  coal,  3  with  EngUah- 
machine  briquets,  and  8  with  Benfrow-machine  briquets.  No  test 
was  run  with  the  rate  of  combustion  below  20  pounds  per  square  foot 
of  grate  per  hour.  For  the  sake  of  comparison  the  tests  of  briquets 
were  made  at  approximately  the  some  rates  of  combustion  as  the 
tests  of  the  run-of-mine  coal  of  which  the  respective  briquets  were 
made. 

Messrs.  Ray  and  Ereisinger,  who  conducted  these  tests,  give  the 
following  conclusions  based  on  the  results  of  the  tests  and  applying 
only  to  the  tests  of  New  River  run-of-mine  coals  when  burned  under 
a  boiler  of  the  Normand  type  and  on  vessels  of  the  torpedo-boat  class. 

There  is  little  or  no  gain  in  efficiency  in  burning  briquets  of  either 
size.  Both  large  and  small  briquets  make  as  much  (or  more)  smoke 
as  run-of-mine  coal.  There  seems  to  be  more  flaming  in  stack  with 
briquets  than  with  run-of-mine  coal.  About  as  many  sparks  are 
emitted  from  the  stack  whether  briquetted  or  run-of-mine  coal  is 
burned.  When  burning  briquets  the  fire  need  not  be  disturbed; 
with  coal  the  fuel  bed  has  to  be  broken  .up,  generally  after  each  firing. 
A  somewhat  higher  boiler  capacity  can  be  obtained  with  briquets 
than  with  run-of-mine  coal.  Steam  can  be  raised  more  quickly  with 
briquets  than  with  run-of-mine  coal.  Rim-of-mine  coal  is  tran^erred 
much  more  readily  than  briquets  from  the  coal  bunker  to  the  fireroom. 
With  briquets  the  capacity  of  a  coal  bunker  is  reduced  23  to  27  per 
cent. 

The  details  of  these  tests  may  be  found  in  Bureau  of  Mines  Bulle- 
tin 33.« 

DOMESTIC-FURNACE   TESTS. 

Briquetted  coal  has  been  frequently  tested  in  the  hand-fired  fur- 
naces under  the  Heine  boilers  in  the  Survey  fuel-testing  plant  at  St. 
Louis.  The  results  were  so  satisfactory  that  two  series  of  tests  were 
conducted  to  determine  the  value  of  this  fuel  for  domestic-heating 
purposes.  A  number  of  evaporation  tests  were  made  on  the  house- 
heating  boiler  of  the  structiu*al-materials  laboratory,  both  briquets 
and  coal  being  used.  After  these  tests  were  well  imder  way  a  carload 
of  briquets  was  shipped  to  the  University  of  Illinois  engineering 
experiment  station  at  Urbana,  111.,  where  two  house-heating  boilers 
were  available.  This  equipment  permitted  more  uniform  conditions 
of  pressure  and  capacity,  making  the  results  more  valuable  for  com- 
parison. 

Perhaps  the  most  important  result  obtained  is  that  showing  the 
relative  value  of  different  fuels  for  domestic  purposes.  The  tests 
shew  that  with  a  sectional  boiler  the  effectiveness  of  different  fuels 

a  Ray  y  W.  T.,  and  Kreisinger,  Henry,  ComparatiTe  teeta  of  run-of-mlne  and  briquetted  ooal  on  the  tor* 
pedo  txiet  BUdU, 
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depends  on  the  number  of  thermal  units  they  contain.  One  basis  for 
ascertaining  the  relative  value  of  different  fuels  lies  in  the  cost  of 
evaporatuxg  1^000  pounds  of  water.  If,  for  example,  at  a  certain 
place  anthracite  costs  $8  a  ton  and  Pocahontas  bituminous  coal  H, 
the  cost  of  evaporating  1,000  poimds  of  water  with  anthracite  would 
be  52  cents  and  with  the  bituminous  coal  23.68  cents.  This  shows 
that  a  saving  of  about  $4  a  ton  for  the  same  amount  of  work  done 
would  be  effected  by  purchasing  the  bitimiinous  coal. 

A  comparison  of  results  with  coal  and  with  briquets  shows  no 
advantage  in  the  briquets  over  coal  of  a  size  larger  than  screened  nut. 
Briquetting  good  bituminous  coal  would  be  justified  only  when  slack 
is  used.  The  briquets  tested  gave  much  smoke,  which  was  due  to  the 
pitch  used  as  a  binder. 

The  briquets  and  coal  burned  in  the  tests  at  St.  Louis  came  from 
eleven  States  and  Territories.  There  were  58  tests — 11  on  raw  coab, 
34  on  round  briquets,  and  13  on  square  briquets.  Most  of  the  tests 
were  run  for  about  eight  hours  at  a  steam  pressure  of  2  to  3  pounds. 
The  charge  of  fuel  at  each  Biing  ranged  from  55  to  175  pounds.  The 
interval  between  firings  varied  considerably;  in  some  tests  coal  was 
fired  every  half  hour,  and  in  others  every  two  hours.  The  average 
efficiency  in  all  the  tests  was  51.48  per  cent;  it  ranged  from  38.67  per 
cent  with  an  Illinois  coal  to  65.36  per  cent  with  a  Virginia  coal.  The 
average  percentage  of  builders'  rated  capacity  developed  was  59.2; 
it  ranged  from  44  per  cent  with  an  Illinois  coal  to  77.2  per  cent  with 
an  Indian  Territory  coal.  The  lowest  boiler  horsepower  developed 
was  12.1  and  the  highest  20.6.  With  the  cost  of  fuel  assumed  at  $1 
per  2,000  poimds,  the  cost  of  evaporating  1,000  poimds  of  water  from 
and  at  212°  F.  ranged  from  5.56  cents  for  a  briquetted  Pennsylvania 
coal  to  1 1 .93  cents  for  a  briquetted  Illinois  coal.  Most  of  the  briquets, 
whether  made  from  eastern  or  western  coal,  smoked  badly  for  several 
minutes  after  firing.  Of  the  coals  tested  raw,  six  were  western  and 
five  eastern.  The  high-volatile  western  coals  smoked  badly,  but  the 
eastern  coals  made  comparatively  little  smoke. 

An  average  capacity  of  65  per  cent  was  maintained  on  the  24  bri- 
quetting tests  at  Urbana,  the  range  being  from  53.2  to  71.4  percent. 
To  carry  only  65  per  cent  of  the  rated  radiating  surface,  the  draft 
was  wholly  or  very  nearly  cut  off  for  one-half  to  three-fourths  of  the 
time.  The  boiler  horsepower  developed  on  boiler  A  ranged  from 
4.52  to  4.96  and  on  boiler  B  from  4.97  to  6.16.  The  average  efficiency 
of  the  boiler  and  furnace  (dry-coal  basis)  was  44.85  per  cent  for  the 
24  tests.  A  comparison  of  eight  tests  of  briquets,  of  which  four  were 
made  of  lai^e  briquets  and  four  of  small  briquets,  shows  that  the 
large  briquets  invariably  gave  an  appreciably  higher  efficiency,  indi- 
cating that  size  is  an  important  factor.  With  the  cost  of  fuel  assumed 
at  $1  per  2,000  pounds,  the  cost  of  evaporating  1,000  pounds  of  water 
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fi^m  and  at  212°  F.  ranged  from  6.74  cents  with  a  Pennsylvania 
briquet  to  12.47  cents  with  an  Illinois  briquet.  The  briquets  started 
readily  from  a  wood  fire  and  burned  well,  but  owing  to  the  difficulty 
of  obtaining  complete  combustion,  the  average  efficiency  from  an 
eight-hour  test  was  low.  The  formation  of  soot  in  the  flues  of 
boiler  B  was  more  troublesome  and  affected  the  economy  more  than 
in  boiler  A.  So  much  soot  was  formed  from  partial  combustion  of 
the  briquets  in  both  boilers  that  the  flues  were  blown  after  every 
test.  In  two  tests  the  flues  of  boiler  B  were  completely  stopped  at 
the  end  of  the  eight-hour  run. 

DISCUSSION  OF  RESULTS. 

On  comparing  the  results  of  these  tests  there  seems  to  be  no  advan- 
tage in  the  briquets  over  coal  of  a  suitable  size  for  house-heating 
boilers.  Briquetting  a  good  bituminous  coal  would  be  justified  only 
when  slack  is  used  and  the  gain  from  briquetting  would  he  almost 
entirely  in  the  more  favorable  size  of  the  fuel.  This  gain  would  be 
less  for  coals  that  coke  readily  than  for  noncoking  coals.  Briquets 
made  from  slack  burn  fairly  well,  as  they  allow  the  air  to  pass  through 
the  fuel  bed. 

The  experiments  showed  that  the  pitch  binders  used  are  not  suitable 
for  a  furnace  working  at  the  low  temperatures  common  in  a  house- 
heating  boiler,  as  they  volatihzed  and  generally  escaped  unbumed 
or  were  deposited  on  the  surface  of  the  boiler.  In  the  St.  Ijouis  tests 
this  coating  burned  off  once  or  twice  a  day,  causing  a  high  tempera^ 
ture  in  the  flue  and,  as  a  consequence,  danger  from  fire.  There  was 
a  similar  deposit  of  tarry  matter  on  the  boilers  at  Urbana,  but  it 
did  not  ignite,  probably  because  of  the  better  control  of  the  fire. 
This  deposit  reduced  the  efficiency  of  the  boiler.  Briquets  with 
binders  that  do  not  volatiUze  so  readily  would  probably  show  superior 
results. 

The  briquets  tested  gave  off  much  smoke,  owing  to  the  nature  of 
the  binder.  The  results  of  these  tests  indicate  that  coals  containing 
the  higher  percentages  of  fixed  carbon  give  the  least  smoke  and  the 
best  results  for  economy. 

SPECIAL  TESTS. 

Certain  special  combustion  tests  of  briquets  were  made  as  described 
below. 

-     WATER-OAS  MACHINE  TEST. 

The  first  special  test  comprised  a  water-gas  machine  test.  The 
object  of  the  test  was  (1)  to  determine  whether  briquets  could  be 
used  as  fuel  for  the  production  of  water  gas;  (2)  to  compare  the 
results  obtained  with  those  from  retort  coke;  and  (3)  to  observe  the 
behavior  of  the  briquets  in  the  apparatus, 
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The  briquets  made  in  test  164  (Arkansas  No.  13)  were  shipped  to 
the  Laclede  Gas  Co.,  St.  Louis,  Mo.,  and  tested  in  an  S^-foot  Lowe 
water-gas  machine.  This  machine  has  a  rated  capacity  of  1,000,000 
cubic  feet  in  24  hours.  The  test  was  made  under  the  direction  of 
W.  A.  Baehr,  chief  engineer  of  the  company. 

Remits  of  water-gas  machine  test  of  briquets. 


Item. 


Record. 


Length  of  blast 

Length  of  run 

Total  number  of  cycles 

Total  number  of  runs  made 

Total  briquets  used 

Total  gas  recorded  by  meter  in  48  hours 

Correction  for  relief  holder 

Total  gas  made  in  48  hours 

Average  temperature  of  gas  metered 

Total  gas  made  in  48  hours  corrected  to60*F 

Total  oil  used  in  48  hours 

Average  pressure  of  air  during  blast 

Average  steam  pressure  during  runs 

Briquets  per  1,000  feet  of  gas  as  metered  (corrected  to  60*  F.) 

Five-hour  ooke  per  1,000  leet  of  gas  as  metered  (corrected  to  60**  F.)- 

O  il  per  1 .000  feet  gas  as  metered  (corrected  to60*F.) 

A  verage  luminosity  of  gas  made 

Average  amount  of  gas  made: 

with  briquets 

With  6-hour  coke 

Average  heat  value  of  gas  made: 

With  briquets 

With  5-hour  ooke 

Average  3rield  of  gas  as  metered  per  run: 

Wh  briquets 

With  6-hour  coke 

Average  amount  of  on  per  run 


.minutes. 
do:.. 


pounds. 

cubic  feet. 

do... 

do... 

-F. 

cubic  feet. 

gallons. 

.inches  ofwater. 

pounds. 

do... 

do... 


.candlepower, 


.do... 
.do... 


.B.  t.  u. 
...do... 


.cubic  feet. 

do... 

gallons. 


5 

6 

42 

213 

85,100 

1,950,000 

50,100 

1,002,900 

73 

1,854,000 

7,710 

22.5 

20.2 

45.0 

31.5 

4.16 

10.4 

4.65 
5.00 

024 
543 

8,040 
8,450 
36.2 


CUPOLA  TEST. 

The  briquets  (coke  breeze)  made  in  test  247  (see  pp.  264,  265)  were 
sent  to  the  Madison  plant  of  the  American  Car  &  Foundry  Co.,  of  St. 
Louis,  Mo.,  and  were  tested  in  a  cupola.  The  object  was  to  deter- 
mine whether  coke  breeze  when  briquetted  could  be  made  to  replace 
coke  in  foundry  practice.  It  was  hoped  that  by  the  addition  of  lime 
the  briquets  woiild  be  able  to  support  the  weight  above  until  they 
became  thoroughly  coked. 

Coke  was  used  during  the  first  charges  and  150  pounds  of  briquets 
was  used  in  each  of  the  last  five  charges.  The  briquets  were  consid- 
erably broken  during  the  charging  of  the  iron  and  let  the  iron  down 
below  the  melting  zone. 

COEXNG  OF  BBIQUETS  AND  BBIQT7ET  MIZTITBES. 

The  first  experimental  attempt  to  coke  briquets  was  with  some 
of  the  briquets  made  from  Arkansas  No.  4  coal  and  6  per  cent  of 
pitch  B.  A  box  was  filled  with  about  12  crushed  briquets  and  then 
placed  in  one  of  the  coke  ovens,  where  it  remained  during  a  run 
of  a  coking  coal.  The  result  of  this  experiment  was  a  mass  of  coke 
that  was  12  to  15  inches  long  and  somewhat  metallic  in  appearance. 
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In  the  next  experiment  the  box  was  filled  with  a  mixture  of  Arkansas* 
No.  4  coal  with  6  per  cent  of  pitch  B,  but  without  being  passed 
through  the  press.  The  mixture  was  treated  in  the  coke  oven  simi- 
larly to  the  other,  but  the  results  were  not  so  satisfactory  as  in  the 
first  case.  The  next  experiment  was  with  the  same  mixture  bri- 
quetted.  The  briquets  were  placed  in  a  box  and  tested  in  the  coke 
oven  in  the  same  manner  as  the  othens.  The  result  of  this  test  was 
masses  of  coke  that  retained  the  form  of  the  original  briquet.  All  of 
the  coke  obtained  by  these  experiments,  although  not  of  the  quality 
desired  for  iron  smelting,  could  Be  used  for  lead  and  copper  smelt- 
ing. 

Another  experiment  on  a  larger  scale  was  with  two  tons  of  Arkan- 
sas No.  6  slack  coal.  This  coal  was  mixed  with  8  per  cent  of  pitch  A 
and  then  ground  in  the  Williams  mill  and  chained  into  a  coke  oven, 
together  with  an  equal  weight  of  the  same  mixture  that  had  been 
previously  briquetted.  Both  mixtures  made  coke,  but  not  of  the 
best  quality.  The  experiments  seemed  to  show  that  although  a  coke 
can  be  made  by  mixing  coal  and  pitch  a  better  quality  is  obtained 
by  previously  briquetting  the  mixture;  however,  sufficient  experi- 
ments along  this  line  have  not  yet  been  made  to  justify  any  definite 
conclusions. 

DETAILS  OF  BRIQUETTING  TESTS. 

The  data  obtained  from  the  general  briquetting  tests  at  the  several 
experiment  stations  are  presented  below. 

ALAB'AMA  NO.  1. 

Briquetting  tests  were  made  of  a  sample  of  bituminous  coal  (over 
1-inch  screen)  from  a  mine  1^  miles  west  of  Horse  Creek,  Walker 
County,  on  the  Frisco  system.  The  tests  were  conducted  at  the 
St.  Louis  plant. 

This  is  a  coking  coal  which  can  be  readily  briquetted  with  hard 
pitch  and,  under  extreme  pressure,  can  be  briquetted  without  the 
addition  of  any  binder.  There  was  4.5  tons  of  this  coal  briquetted 
on  the  English  machine  with  7  per  cent  of  the  hard  pitch  A.  The  bri- 
quets were  strong  and  rather  satisfactory,  except  for  porosity  due  to 
a  lack  of  sufficient  pressure.  The  briquets  stand  up  well  in  the  fire, 
but  on  long  exposure  to  the  weather  disintegrate  somewhat.  The 
weight  of  the  briquets  averaged  5J  pounds  each. 
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Chemioal  analy$es  qf  coal  and  btiqueU. 


Car 
sample. 

BriqMta. 

T44>Aratoi7  No 

1201 

0.80 

2.34 

31.84 

53.28 

12.54 

.72 

4.86 
73.30 
1.80 
8.67 
12,856 

1101 

Proximato: 

AJMry  log  loss 

Moisture 

paroent.. 

do 

1.20 
2.63 

Volatile  matter 

do.... 

33.00 

do.... 

5a  86 

AiO* . .       -   .      , .  -  - .     .   - 

do.... 

13.41 

Sulphur 

do.... 

.M 

Ultimaie: 

Hydioeen  -• 

do.... 

4.71 

Carbon 

do.... 

72.65 

Nitrogen 

do 

1.42 

Oxygen do 

6.40 

Heat  value 

R.t  11 

12,755 

ALABAMA  NO.  2B. 

Seven  tons  of  bituminous  coal  from  Carbon  Hill,  Walker  County, 
on  the  Frisco  system,  was  used  in  tests  131.1  to  131.4.  Steaming 
test  410  was  conducted  with  the  briquets  made  from  this  fuel.  The 
English  briquets  with  5  and  6  per  cent  of  bind^  w<ere  good  briquets; 
fracture  clean;  edges  and  surfaces  firmer  with  6  per  cent  than  with  5 
per  cent  binder.  The  Renfrow  briquets  made  with  6  per  cent  of  pitch 
showed  evidence  of  shortage  of  binder;  surfaces  crumbled  and  frac- 
ture not  clean.  Seven  per  cent  of  binder  made  briquets  with  hard, 
firm  surfaces;  they  broke  without  crumbling. 

BriqueUing  tests. 


TeetNo. 

131.1. 

131.2. 

131.3. 

13L4. 

SiM  as  shipped 

r.  0.  m. 

2.8 
11.6 
21.2 
23.4 
41.0 

BngllRh. 
176 

W.  G.  P. 

3410 

5 

<•>  3.3, 

91.5 
8.6 

107 
B 

r.  0.  m. 

2.8 
11.6 
21.2 
23.4 
41.0 

Bn^tah. 
175 

W.  O.  P. 

3410 

6 

r.  o.  m. 

2.8 
11.6 
21.2 
28.4 
41.0 

Reoltow  No.  1. 
140 

W.  O.  P. 

3410 

6 

r  o  m 

Slseasuae^ 

Over  I  inch per  cent. . 

^  inch  to  i  inch do 

X  inch  to  A  inch do. . . . 

Sinchto^inch do.... 

Through  A  inch do. . . . 

Details  of  manuiacture: 

MnrhinA  Ytmid    . . 

2.8 
1L6 
21.2 
28.4 
41.0 

"BLuiSraw  No  1. 

Brlquetting  temperature. 'F . . 

140 
W.  0.  P. 

Lahoratory  No 

3410 

Amount percent.. 

Weight  of- 

Fuel  briquetted pounds. . 

Briquet,  average do. . . . 

Drop  test  (1-inch  screen): 

Held per  cent. . 

7 

Passed do.... 

Weather  test: 

Time  exposed days.. 

201 
B 

200 

Condition 

B 

a  Total  weight  of  fuel  briquetted,  14,000  pounds. 
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Oar  sample. 

Test  131.a 

UbontoryNo. 

3311 

3.05 
30.70 
50.76 
14.59 

l.U 

4.30 

66.M 

1.65 

8.86 

Praadnate: 

Moirtiii« 

..percent.. 
do.... 

3.43 

VolfttflfmAttw...                                

82.74 

i^fcWMl  carbon .                                                            

do.... 

61.84 

Aflh :.:..: 

do... 

12.49 

Sdnlmr do.... 

1.24 

UltiDttie: 

4.77 

(vbon                               . . .  X . 

do.... 

72.17 

MttTT?em 

do.... 

1.58 

Qtimp... , , 

do  ... 

7.27 

a  Composite  nrnple  of  briquets  from  aeverel  lots. 

Fitoh. 

FueL 

Briquet. 

A-2B. 

Test  131. 

UbontoryNo 

3410 

8811 
1.70 
1.35 

AfrHlrrliislDon                                                           .  ..peromt. 

SUnetedftoyCSf  (as  received) .'...do.... 

Ht^b in brimietbT anelviih.                                           .  .  do 

79.«8 

4.75 
4.82 

SS^ta???!^..  !^^^.'r:.v.'...v.'.:v..'.v..^ 

16,478 

11,785 

12,115 

AT.ATIAlffA    NO.  4. 

Seyen  and  one-half  tons  of  bituminous  coal  from  Cane  Creek,  3 
miles  north  of  Belle  Ellen,  Bibb  Coimty,  on  the  LouisviUe  &  Nash- 
ville Railroad,  was  used  in  briquetting  tests  123A  to  123H.  Steaming 
test  413  was  conducted  with  the  briquetted  fuel. 

English  briquets  with  5.5  per  cent  of  binder  had  edges  that 
crumbled  slightly,  but  the  surfaces  were  firm;  fracture  slightly 
crumbly.  With  6,  6.6,  and  7  per.  cent  binder  the  outer  surfaces 
were  smooth  and  hard,  fracture  clean,  and  broken  surfaces  rough 
but  very  firm. 

Renfrow  briquets  made  with  6  and  6.5  per  cent  binder  crumbled 
easily,  and  broken  surfaces  were  crumbly.  With  7  and  7.5  per  cent 
of  binder  tough  briquets  resulted,  with  hard  and  smooth  outer  suiw 
laces;  the  briquets  broke  with  clean  fracture. 
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Briquetting  tests. 


Test  No. 

123A. 

123B. 

123C. 

123D. 

123E. 

123F. 

1230. 

I2»H. 

giM  as  shipped 

Size  as  used: 

Over  1  inch, 

percent 

A  mch  to  i  inch, 
percent 

r.  0.  m. 

1.2 

4.5 

14.0 

23.5 

56.8 

English. 

179.6 

W.O.P. 

3410 

5.5 

3.37 

r.  0.  m. 

r.  o.  m. 

r.  0.  m. 

r.  o.  m. 

A  inch  to  A  inch, 
percent 

A  inch  to  V^  inch, 

per  cent 

Through  ^  inch, 

percent 

Details  of  manufac- 
ture: 
Machine  used.... 

Briquetting  tern- 

Binder — 

Kind 

Laboratory 
No . 

English. 

179.6 

W.O.P. 

3410 

6 

3.37 

83.3 
16.7 

214 
B 

En^ish. 

179.6 

W.O.P. 

3410 

6.5 

3.37 

English. 

179.6 

W.  0.  P. 

3410 

7.0 

3.37 

Ren(h>w 
No.l. 

148 

W.O.P. 

3410 

6 

0.43 

Renfrow 
No.L 

149 

W.  O.  P. 

3410 

6.5 

0.43 

Renftow 
No.l. 

148 

W.O.P. 

3410 

7.0 

0.43 

Renfrow 
No.  1. 

149 

W.G.P. 

8410 

Amount,  per 

cent 

Average   weight 
of  briquet, 

pounds 

Drop  test  <l-inch 
screen): 
Held...  per  cent.. 

7.5 
0.43 

Passed.;... do.... 

Weather  test: 

Time     exposed, 
days 

214 
B 

214 
B 

214 
B 

214 
C 

214 
C 

214 
C 

214 

Condition 

B 

Chemical  analyses  of  coal  and  briquets. 


Test  133. 


Laboratory  No 

Proximate: 

Ho^stun 

Volatile  matter.. 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 


2.46 
S2.27 
56.55 

8.72 
L18 

4.72 

76.96 

1.32 

6.85 


Extraction  analyses. 


Pitdi. 


Fuel. 


Ala.  No.  4. 


Briquets. 


Twtm. 


Laboratory  No 

A  ir-dry  in£  loss 

Extracted:  by  CSt  (as  received). 

Pitch  in  briquet  by  analysis 

Heat  value , 


.percent.. 
..  ..do.... 

do.... 

...B.  t.u.. 


3410 


79.96 
16,478' 


8103 

6.50 

.43 


12,896 


486 

5.57 
13,590 
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ARGENTINA  NO.  1. 

Coal  received  from  the  Province  of  Mendoza,  Argentina,  South 
America,  was  designated  Argentina  No.  1.  Steaming  test  485  was 
made  of  the  briquetted  fuel. 

Renfrow  briquets  made  with  7  per  cent  of  pitch  binder  were  very 
heavy  and  hard  and  gave  a  rough  fracture  without  crumbling  when 
broken.  The  coal  particles  were  firmly  cemented,  and  the  briquets 
could  be  handled  when  warm  without  breaking.  The  sample  of 
run-of-mine  fuel  used  for  the  briquetting  test  was  washed. 

Chemical  analyses  of  coal  and  briquets. 


Test  180. 


Laboratory  No 

Proximate: 

Moisture percent.. 

Volatile  matter do.... 

Fixed  carbwi do — 

Ash do.... 

Sulphur do 

Ultimate: 

Hydrogen do — 

Carbon do — 

Nitrogen do.... 

Oxygen '. do — 


8.75 

21.45 

33.75 

36.05 

.80 

3.41 

47.51 

.92 

7.77 


Extraction  analyses. 


Pitch. 

Puel. 

Briquets* 

Argentina 
No.L 

Test  180. 

Laboratory  No ...  , 

4543 

4079 
3.0 
.06 

Air-drytaelosB 

Extracteoby  CSs  (as received) 

Pitch  in  briquet  by  analysis 

per  cent. . 

4.30 

do.... 

do.... 

99.66 

6.10 
6.06 

HeatvaloB.:......' .'. 

B.t.u.. 

16,969 

6,320 

7,515 

Briquetting  test. 


Size  as  shipped 

Siseasused: 

Over  i  inch percent. 

•^  inch  to i inch do.., 

A  inch  to  ^  inch do . . 

A  inch  to /^  inch do.. 

Through  A  inch do.., 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature. .  *F. 

Kind 

Laboratory  No 

Amount per  cent. 

Wdiiitof— 

Fuel  briquetted.  .pounds. 
Briquet,  average do. . . 


Test  180. 


3.0 
8.4 
15.0 
19.2 
54.4 

Renfrow  No.  1 
185 

W.  G.  P. 

4543 
7 

6,000 
0.603 


Drop  test  (1-inch  screen): 

Held percent. 

Passed do... 

Tumbler  test  (1-inch  screen): 

Held do... 

Passed do... 

Fines  through  10-mesh  sieve, 

percent 

Weather  test: 

Time  exposed days . 

Condition 

Absorption  test: 

Tune  immersed days. 

Water  absorbed per  cent. 

Average  for  first  4  days do. . . 

Specific  gravity  (apparent) 


Test  180. 


84.5 
15.5 

91.2 
8.8 

94.0 

19 
A 

19 

9.8 

1.44 

1.467 
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abx:as'8as  no.  i. 

A  sample  of  semibitTiminoiis  coal  (over  1  J-inch  screen)  from  Htint- 
ington,  Sebastian  County,  on  the  Frisco  system,  was  designated 
Arkansas  No.  1,  and  briquetting  tests  of  a  portion  of  the  sample  were 
made  at  the  St.  Louis  plant. 

This  coal  was  tested  only  with  hard  pitch  A,  as  this  was  the  only 
pitch  available  at  the  time  the  coal  was  briquetted.  Six  tons  of  coal 
was  mixed  with  9.25  per  cent  of  this  pitch  and  made  into  briquets  on 
the  English  machine.  The  briquets  were  compact,  but  were  too  fri- 
able for  handling,  showing  that  they  contained  insufficient  pitch. 
They  were  brownish  and  dirty.  Judging  from  the  restdts  obtained 
in  working  with  other  Arkansas  coals,  this  coal  will  requirB  more 
than  the  usual  proportion  of  pitch. 

Although  the  actual  steaming  test  of  these  briquets  was  satisfactory 
as  compared  with  the  tests  of  the  coal,  yet  the  briquets  coxild  not  be 
considered  a  commercial  product  on  account  of  their  friability. 


Chemical  analyses  of  coal  and  briquets. 

Car  sample. 

Briquets. 

laboratory  No 

UU 

2.10 
3.24 
17.45 
66.89 
12.61 
1.24 

3.92 

76.  S7 

1.49 

3,n 

13,129 

Proxlinate: 

Air-drying  loss 

percent.. 

ICoistiire.T 

...do 

0.94 

Volatile  matter..  .. 

do.... 

21.21 

do.... 

67.66 

Ash 

do..-. 

10.20 

Sulphur 

do.... 

1.73 

Ultimate: 

Hydroeen 

do.... 

8.91 

C&rboD 

do.... 

70.76 

Nitrogen 

do.... 

1.58 

Oxygen  

do..-. 

2,70 

Heat  value 

B.t.u.. 

18,707 

ARKANSAS  NO.  2. 

A  sample  of  semibituminous  coal  (over  l|-inch  screen)  from 
Bonanza,  Sebastian  County,  on  the  Frisco  system,  was  designated 
Arkansas  No.  2.  A  part  of  the  sample  was  subjected  to  briquetting 
tests  at  the  St.  Louis  plant. 

This  coal  was  tested  with  the  hard  pitch  X,  which  at  the  time  was 
the  only  pitch  available.  The  briquets  were  made  in  the  English 
machine.  Six  tons  of  crushed  lump  coal  was  run  through  the  machine, 
with  approximately  11  per  of  cent  pitch.  The  briquets  were  pitchy 
and  wrinkled  and  probably  contained  nearer  15  per  cent  than  11  per 
cent  of  pitch.  On  account  of  the  difficulty  of  setting  the  machine  to 
feed  accurate  proportions  of  pitch  and  coal,  the  later  experiments 
were  conducted  by  weighing  the  desired  quantities  of  binder.  Pitch 
X,  on  account  of  its  hardness,  set  too  quickly  in  the  molds,  so  that 
the  briquets  were  insufficiently  pressed  and  consequently  porous. 
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Although  they  were  not  commercial  briquets^  a  steaming  test  wad 
made  with  them.  The  greater  percentage  of  volatile  matter  in  the 
briquets  is  due  to  the  large  proportion  of  pitch  used  in  them. 

Chemical  analyses  of  coal  arid  brxqitets. 


Car  sample. 

Briquets. 

Laboratory  No 

1160 

1.50 
2.23 
16.02 
72.66 
9.20 
1.87 

4.08 

80.63 

1.41 

2.66 

18,760 

1112 

Proximate: 

^ilSS'.'r.::;::::::::: 

r'^.T::. 

4.00 
4.88 

Volatile  nuitt4fr 

do-... 

22.49 

Fixed  carbon 

do.... 

60.30 

Ash 

do.... 

12.33 

Sulphur 

do.... 

1.32 

Ultimate: 

do.... 

4.06 

Carbon 

do.... 

76.65 

Nitrogen 

do.  -. 

1.64 

Oxynn .  do 

3.40 

BtotraS..::;::::::::::::::;.:;::::::::::: 

B.t.u.. 

12,915 

ABKANSAS  NO.  3. 

A  sample  of  semibituminous  coal  (over  l|-inch  screen)  from  Jenny 
Lind;  Sebastian  County,  on  the  Missouri  Paci&c  Railroad,  was  desig- 
nated Arkansas  No.  3,  and  a  part  of  the  sample  was  subjected  to 
briquetting  tests  at  the  St.  Louis  plant. 

Hiis  coal  was  briquetted  with  9.5  per  cent  of  the  hard  pitch  X. 
The  coal  was  slightly  moist,  and  passed  through  the  machine  without 
clogging  the  elevator.  As  the  coal  was  friable  it  was  reduced  almost 
to  a  flour  in  the  disintegrator.  The  briquets  had  smooth,  polished 
surfaces.  Some  of  the  briquets  as  delivered  by  the  machine  showed 
cracks,  perpendicular  to  the  pressure,  which  may  have  been  due  to  an 
excess  of  moisture.  The  briquets  weighed  on  an  average  6.8  pounds 
each. 

The  coal  was  also  tested  with  the  somewhat  softer  pitch  A.  One 
ton  of  the  coal  was  mixed  with  8.7  per  cent  of  pitch.  A  large  excess 
of  steam  was  introduced  into  the  pug  null  so  as  to  soften  the  pitch  as 
much  as  possible.  The  briquets  were  smooth  and  easily  handled,  but 
pitchy.  Under  the  same  conditions  of  heat  and  pressure,  7.5  per 
cent  of  pitch  A  would  have  been  sufficient,  and  if  pitch  of  proper  grade 
were  used  a  still  smaller  amount  would  make  a  good  commercial 
briquet.  These  briquets  ignited  readily  and  did  not  disintegrate  in 
the  fire. 
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Chemical  artalyses  of  coal  and  briquets. 


Car  sample. 


Briquets. 


Laboratory  No 

Prozixnato: 

Alr^drylng  loss per  cent. . 

Moistiuv do 

VolatOe  matter ■. do 

Fixed  carbon do 

Ash , do 

Sulphur do 

Ultimate: 

Hydrogen do 

Carbon do 

Nitrogen do 

_    Oxygen do.... 

Heat  value B.t.ti.. 


1296 


1293 


1.40 

1.60 

2.19 

2.60 

19.47 

17.35 

66.71 

02.04 

11.63 

18.01 

1.28 

1.41 

4.02 

3.46 

77.00 

72,47 

1.56 

1.42 

4.22 

2.72 

13,464 

12,357 

ABKANSAS  NO.  4. 

A  sample  of  semibituminous  slack  coal  from  Demiing,  Franklin 
County,  on  the  Missouri  Pacific  Railroad;  was  designated  Arkansas 
No.  4.  A  part  of  the  sample  was  subjected  to  briquetting  tests  at 
the  St.  Louis  plant. 

The  sample  consisted  of  slack  coal,  which  was  so  saturated  with 
water  when  received  that  it  had  to  be  dried  before  it'  could  be  used. 
When  dried  it  was  so  brittle  that  the  disintegrators  of  the  English 
machine  reduced  it  to  flour,  which  choked  the  elevator  and  other 
parts  of  the  machine.  The  first  nm  made  with  this  coal  contained  12 
per  cent  of  hard  pitch  X,  and  although  the  briquets  when  first  received 
from  the  machine  were  compact  and  smooth,  they  were  unsatisfac- 
tory, and  on  exposure  to  the  weather  became  friable  and  soon  began  to 
disintegrate.  The  next  test  of  this  finely  divided  coal  was  with  pitch 
A.  One  ton  was  mixed  with  10  per  cent  of  pitch.  The  press  was 
run  faster,  not  only  to  increase  the  pressure,  but  also  to  give  the  hard 
pitch  less  time  to  set  in  the  machine.  At  the  same  time  the  speed 
of  the  disintegrator  was  reduced  in  order  not  to  pulverize  the  coal 
so  completely.  The  briquets  were  pitchy,  and,  owing  to  the  excess 
of  water  from  condensation,  many  cracked  when  the  pressure  was 
relieved.  Another  ton  of  coal  with  8  per  cent  of  pitch  A  was  used, 
but  found  to  contain  too  much  binder;  still  another  ton  was  made 
into  briquets  with  6  per  cent  of  pitch.  The  latter  briquets  were  com- 
pact, but  did  not  contain  enough  binder.  Seven  per  cent  of  pitch  A 
gave  a  better  result  than  either  6  or  8  per  cent. 

Another  run  of  this  coal  was  made  with  3  per  cent  of  rosin  and  2  per 
cent  of  pitch  A.  The  briquets  were  clean  and  sharp,  but  were  some- 
what brittle  and  had  a  tendency  to  break  into  large  fragments.  They 
were,  however,  physically  better  than  those  with  6  or  8  per  cent  of 
pitch  alone.  In  burning,  they  held  together  well  but  smoked  more 
than  those  with  pitch  alone.  No  odor  of  rosin  was  given  off,  how- 
ever.   The  same  mixture  was  tested  on  the  American  machine,  which 
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gave  clean,  polished  briquets.  They  were  stronger  than  those  made 
on  the  Elnglish  machine,  indicating  that  rosin  works  to  better  advan- 
tage in  the  smaller  and  more  roimded  briquets.  With  pitch  alone, 
however,  and  Arkansas  No.  4  coal,  a  stronger  briquet  was  made  on 
the  English  machine  than  on  th^  American.  The  weight  of  the  bri- 
quets made  with  the  rosin  averaged  6.87  po^mds  each. 

One  ton  of  this  coal  was  briquetted  with  3  per  cent  of  rosin  and 
3  per  cent  of  pitch  A.  The  mixture  made  excellent  briquets,  which 
were  unusually  clean  and  had  sharp  edges.  They  weighed  6.87 
pounds  each.  This  mixture  was  also  tried  on  the  American  machine 
and  gave  exceedingly  smooth  and  lustrous  eggettes,  which  were 
stronger  than  the  large  briquets  made  on  the  English  machine. 
Although  no  boiler  test  was  made  of  the  eggettes,  some  of  them  were 
thrown  under  the  boiler,  where  they  burned  very  readily  without 
disintegration.  They  were  tested  in  a  cook  stove,  where  they  burned 
satisfactorily  without  any  odor,  but  gave  off  considerably  more  smoke 
than  either  coal  or  briquets  made  from  pitch  alone  as  a  binder.  The 
specific  gravity  of  these  briquets  was  1.13,  whereas  the  specific  grav- 
ity of  the  coal  was  1.35.  Their  compression  or  crushing  strength  was 
8,780  pounds,  or  306  poimds  per  square  inch. 

The  Arkansas  No.  4  coal  was  further  tested  with  the  softer  pitch 
B,  which  was  one  of  the  better  pitches  for  briquetting.  One  ton  was 
briquetted  with  6  per  cent  of  pitch.  The  briquets  were  clean  and 
seemingly  considerably  stronger  than  the  original  lump  coal  and  were 
capable  of  standing  rough  handling.  They  averaged  7  poimds  each, 
and  their  specific  gravity  was  1.17.  On  the  American  machine  the 
mixture  gave  polished  eggettes,  but  these  were  not  so  strong  as  those 
made  on  the  English  machine. 

Pitch  B  was  then  tried  with  rosin,  the  proportions  being  95  per 
cent  coal,  3  per  cent  rosin,  and  2  per  cent  pitch.  On  account  of  the 
condensation  of  steam  in  the  pug  mill,  there  was  considerable  excess 
of  water  in  the  briquets,  which,  however,  were  smooth  and  sharp. 
The  excess  of  moisture  caused  them  to  crack  badly  and  they  were 
difficult  to  handle  while  fresh.  After  cooling,  they  were  still  soft, 
and  they  were  noticeably  inferior  to  the  briquets  made  with  3  per 
cent  of  rosin  and  2  per  cent  of  pitch  A.  They  weighed  7.2  poimds 
each.  The  mixture  was  tested  also  on  the  American  machine,  which 
made  harder  eggettes  than  the  corresponding  briquets  of  the  English 
machine.  The  smaller  and  rounder  form  is  better  adapted  for  the 
rosin  binder  and  will  result  in  a  harder  and  tougher  briquet. 

Six  tons  of  this  coal  was  briquetted  with  6  per  cent  of  pitch  B, 
in  order  to  make  a  steaming  test.  Some  of  the  briquets  were 
made  by  running  one  side  of  the  disintegrator  of  the  English  machine, 
and  as  they  were  received  from  the  machine  they  were  smooth  and 
uniform,  but  soft.     On  cooling,  the  briquets  became  hard  and  tough. 
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Another  ton  was  briquetted  with  both  isides  of  the  disintegratoi'  ran- 
nkig,  w;hich  made  smooth,  uniform  briquets,  but  it  was  ahnost  impos- 
sible to  handle  them  as  they  came  from  the  machine.  Therefore,  oolj 
one  side  of  the  dismtegrator  was  used,  but  the  materials  were  run 
through  the  pug  mill  more  rapidly  and  better  results  were  obtained. 
All  of  these  briquets  were  excellent  in  every  respect.  When  these 
mixtures  were  tried  on  the  American  machine,  the  fine  material  made 
better  eggettes  than  the  corresponding  briquets  of  the  English  ma- 
chine, whereas  the  coarser  material  did  not  make  as  good  eggettes  as 
briquets.  The  weight  of  the  briquets  obtained  with  both  sides  of 
the  disintegrator  running  was  6.92  pounds  each;  the  coarser  briquets 
weighed  6.56  pounds  each.  The  specific  gravity  of  the  briquets  was 
1.17  and  their  crushing  strength  was  17,600  pounds,  or  610  pounds 
per  square  inch. 


Chemical  anaJytes  of  coal  and  briquets. 

Raw  fuel. 

Eng^fah 
briquets. 

AinericsD 

briqilBtB. 

Lftboratoiy  No --  -  - 

1320 

2.10 
S.8S 
14.06 
71.98 
10.11 
1.65 

3.60 

80.80 

1.42 

1.96 

18,414 

1335 

Proximate: 

Air;<liylng  loss 

Mofstore 

Volatfle  matter. 

Fixed  carbon 

Ash                 

por  cemt. . 

0  10 

do.... 

do.... 

do.'... 

do.... 

1.28 
12.82 
73.« 
12.21 

3.  IS 
1&60 
66.03 
12.19 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

do.... 

1  70 

do.... 

3.98 

do.... 

78.31 

Nitrogen 

do.... 

L32 

do.... 

2.10 

B.  t.ii.. 

13,464 

ARKANSAS  NO.  5. 

A  sample  of  semibituminous  coal  (half  lump  and  half  slack)  from 
west  of  Coal  Hill,  Franklin  County,  on  the  Missouri  Pacific  Railroad, 
was  designated  Arkansas  No.  5.  A  part  of  the  sample  was  subjected 
to  briquetting  tests. 

On  account  of  the  success  obtained  with  the  other  Arkansas  coals 
and  the  softer  pitches,  it  was  decided  to  make  a  sufficient  quantity 
of  briquets  for  a  locomotive  test  on  the  Missouri  Pacific  Railway. 
For  this  purpose  17  tons  of  Arkansas  No.  5  coal  was  briquetted  with 
6  per  cent  of  pitch  C.  Excellent  briquets  were  obtained,  winch  w«re 
readily  handled  while  warm,  and  on  cooling  stood  a  good  deal  of 
rough  handling.  They  did  not  break  so  readily  as  the  original  lumps 
of  coal.  The  briquets  were  tested  on  a  locomotive  of  the  Missouri 
Pacific  Railway  Co.,  and  for  comparison  similar  runs  were  made  of  an 
Illinois  run-of-mine  coal  such  as  is  commonly  used  on  these  leeo- 
motives.    Three  trips  were  made  from  St.  Louis  to  Washington,  Mo., 
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and  retem,  a  total  run  of  324  miles  for  each  fuel. 
three  nms  are  given  in  the  following  table: 


The  results  of  the 


Loccymotive  tests  of  briquets  of  Arkansas  No.  5  coal. 


Briquete 
oonsunied. 

Aahre- 
moved. 

Front  end 
cinders  re- 
moved. 

Total  coal 
oonsamed. 

Total  ash 
removed. 

Ash. 

Miles  to 
ton. 

Ptmnda. 
9,720 
10,049 
9,825 

Pwndt. 
1,260 
1,535 
1,236 

Pounds. 
194 
182 
228 

Pounds. 
29,694 

Pounds. 
4,615 

Percent. 
15 

21.89 

Locomotive  tests  of  mn-of-mine  Illinois  coal. 

Coflloon- 
fluiiied. 

Ashre- 
mored. 

Front  end 
cinders  re- 
moved. 

Total  coal 
consumed. 

Total  ash 
removed. 

Ash. 

Miles  to 
ton. 

Poundt. 
11,266 
ll,0SO 
11,700 

Pownds. 
1,980 
1,558 
1,800 

Pounds. 
190 
112 
116 

Pounds. 
34,015 

Pounds. 
5,695 

Percent. 
16.4 

19.06 

The  Arkansas  briquets  gave  better  results  than  the  Illinois  coal, 
indicating  that  by  briquetting  even  an  inferior  coal  it  is  possible  to 
obtain  a  fuel  that  is  superior  not  only  to  the  original  coal,  but  to  good 
coals.  L.  Bartlett,  one  of  the  master  mechanics  of  the  Missouri 
Pacific  Railway  Co.,  under  whose  general  direction  these  tests  were 
conducted,  says  that  ''the  briquets  are  too  large  for  locomotive  use. 
They  must  be  thrown  indiscriminately  into  the  fire  boxes,  and  if  they 
take  position  side  by  side,  the  flame  can  not  reach  them.  If,  on  the 
other  hand,  they  lie  in  irregular  positions,  the  spaces  may  be  too 
large,  resulting  in  a  bad  effect  by  allowing  too  much  cold  air  to  pass. 
In  fact,  the  engine  does  not  steam  well  until  they  are  broken." 

The  briquets  have  always  been  considered  too  large,  and  in 
all  steaming  tests  at  the  testing  plant  they  were  broken  before 
the  furnace  was  fed,  and  tests  were  made  of  the  briquets  to  determine 
the  amount  of  fine  dust  they  made  when  broken. 

Mr.  Bartlett  also  noted  the  amount  of  smoke  given  off  by  this  coal 
and  stated  that  one  advantage  of  the  briquetted  fuel  was  that  it  could 
be  called  a  smokeless  fuel  as  compared  with  the  Illinois  coal.  This 
advantage  would,  of  course,  be  considerable  on  switching  engines 
in  city  frei^t  yards. 

The  sulphur  content  of  this  coal,  and  consequently  of  the  briquets, 
is  rather  high.  The  sulphur  naturally  attacked  the  grate  bars,  so 
that  the  briquets  had  a  more  injurious  effect  on  the  grate  bars  than 
coals  containing  less  sulphur. 

A  further  test  of  Arkansas  No.  5  coal  was  made  by  mixing  one- 
fourth  of  the  soft  pitch  C  and  three-fourths  of  the  hard  pitch  A,  a 
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combination  that  made  a  good  briquet,  but  not  so  good  as  that  made 
with  6  per  cent  of  pitch  C.  With  more  than  three-fourths  of  hard 
pitch,  it  was  necessary  to  use  more  steam  for  heating  and  greater 
pressure,  and  the  resultant  briquets  were  considerably  inferior  and 
more  crumbly. 

Chemical  analysis. 


Car 
sample. 

i 

Car 
sample. 

Laboratory  No 

1331 

1.10 
2.36 
12.68 
72.88 
12.08 
1.99 

Ultimate: 

Hydrogen percent.. 

Carbon !?:.do.... 

Nitrogen do.... 

Oxygen do. . . . 

Heat  value B.  Uu.. 

Proximate: 

Air-drying  loss per  cent. . 

3.66 
78.29 

Moisture do.... 

VoUtUe  matter do ... . 

Fixed  carbon do 

Ash do.... 

Sulphur do.-.. 

1.40 

2.25 

13,  a» 

ARKANSAS  NO.  6. 

A  sample  of  bituminous  slack  coal  from  Jenny  Lind,  Sebastian 
County,  on  the  Missouri  Pacific  Railroad,  was  designated  Arkansas 
No.  6.  This  coal  was  briquetted  with  8  per  cent  of  pitch  A  and 
made  a  briquet  of  fair  quality.  The  briquets  were  made  in  order 
to  test  the  coking  value  of  the  mixture,  and  the  results  are  described 
under  '^  Coking  of  Briquet  Mixtures." 

Proximate  analyns. 


Laboratory  No 

Proximate: 

Air-drying  loss per  cent. . 

Moisture do — 

Volatile  matter do. . . . 


Car 
sample. 


1542 

3.00 
3.80 
13.89 


Proximate— Continued. 

Fixed  carbon percent. 

Ash do... 

Sulphur do. . . 


Car 


13.81 
1.26 


ARKANSAS  NO.  7B. 

Semibituminous  slack  coal  from  a  mine  4  miles  southwest  of  Mid- 
land, Sebastian  Coimty,  on  the  Midland  Valley  Raihroad,  was  desig- 
nated Arkansas  No.  7B.  Briquets  were  made  of  4,000  pounds  of  this 
washed  slack  coal. 

English  briquets  made  with  4,  5,  and  6  per  cent  of  binder  were 
equally  satisfactory,  with  hard,  fine  structure,  glossy  fracture,  and 
well-molded,  sharp  edges. 
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Test  106.1. 


Test  106.2. 


Test  106.3. 


Details  In  manuliBtctiiTe: 

Madiine  used , 

Briqiietting  temperature 'F, 

Kind .♦ 

Laboratory  No , 

Amount per  cent. 

Drop  test  (1-inch  screen): 

Held do.. 

Passed do.. 

Weather  test: 

Time  exposed days , 

Condition 


Ciudlsh. 
179.6 

C.  T.  P. 
2735 

4 

31.4 
68.6 

80 
C 


English. 
179.6 

C.  T.  P. 

2735 

5 


English. 
179.6 

C.  T.  P. 

2736 

6 


80 
B 


Chemical  analysis. 


Car  sam- 
ple. 


Car  sam- 
ple. 


Laboratory  No 

Proximate: 

Moisture per  cent. . 

Volatile  matter do.... 

Fixed  carbon do 

Ash do.... 

Solphur do 


2722 

6.89 
15.23 
62.88 
15.00 

2.24 


Ultimate: 

Hydrogen per  cent. . 

Carbon do 

Nitrogen do 

Oxygen do 


3.94 

73.33 

1.35 

2.86 


Extraction  analyses. 

Pitch. 

Fuel. 

Ark.  No.  7B. 

Laboratory  No - - 

2722 

Air-drying  loss 

...percent.. 

5.90 

Extracted  by  08,  (as  received) 

Heat  value 

do.... 

R.  t.  11 

58.66 

12,060 

ABKANSAS  NO.  13. 


Bituminous  slack  from  the  mines  at  Denning  on  the  St.  Louis,  Iron 
Mountain  &  Southern  Railway  was  designated  Arkansas  No.  13. 
No  steaming  tests  were  made  of  this  fuel  either  in  the  natural  or 
briquetted  form. 

There  was  no  noticeable  difference  in  appearance  between  briquets 
made  with  7  and  8  per  cent  of  binder.  Both  were  excellent,  with  hard, 
smooth  surface  and  clean  fracture,  and  were  easily  handled  and  piled 
while  warm.  Less  binder  could  be  used  with  increased  pressure. 
The  briquets  with  8  per  cent  of  binder  made  less  slack  in  handling  when 
cold.  Those  with  9  per  cent  were  not  satisfactory,  as  the  pitch  used 
had  a  much  higher  melting  point  and  could  not  be  successfully 
worked  with  the  pressure  available.  Briquets  from  test  164  were 
used  in  the  test  of  briquets  in  a  water-gas  machine.  (See  ''Miscella- 
neous Tests  of  Briquets. ") 
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Test  164. 


Test  214. 


Te6t221. 


Blie  as  shfoped 

Sixeasuseif: 

Overiineb percent. 

A  inch  to  i  Inch do . . 

^  inch  to ih  inch do.. 

A  inch  to  ^  inch do . . 

Through  A  ^och do. . 

Details  of  manuitectare: 

Machine  used , 

Brlouetting  temperature 'F, 

Kind 

Laboratory  No 

Amount percent. 

Weirfitof— 

Fuel  briqnetted pounds 

Briquet,  average do . . , 

Drop  test  (1-incn  screen): 

Held percent 

Passed do.. 

Tumbler  test  (l-inch  screen): 

Held do.. 

Passed do.. 

Fines  through  10-mesh  sieve do. . 

Weather  test: 

Time  exposed days 

Condition 

Absorotion  test: 

Tune  Immersed days , 

Water  absorbed percent. 

Average  for  first  4  days do. . 

Specific  gravity  (apparent) 


Slack. 

1.4 
0.2 
10.6 
U.8 
60.0 

Renlrow  No.  1. 
185 

W.  Q.  P. 


140,000 
0.451 

54.5 
45.5 

70.0 
21.0 

87.7 

106 
B 

10 

17.2 

2.50 

1.130 


Slack. 

1.4 
6.2 
10.6 
15.8 
06.0 

RenfkowNo.l. 
185 

W.  G.  P. 


40,000 
0.404 

40.5 
50.5 

81.5 
18.5 
87.3 


Slack. 

1.4 
6.2 
10.6 
15.8 
66.0 

RenfN>w  No.  1. 

185 

W.  G.  P. 
\  4625        I 

9 

5,000 
0.480 

51.0 
49.0 

86.0 
14.0 
88.9 


13 

13.6 

2.36 

1.161 


13 
10.2 
1.72 
1.247 


Chemical  analyses  of  coal  and  briquets. 


Gar 
sampto. 


Test  164. 


Test  214. 


Test  221. 


Laboratory  No 

Proximate: 

Moisture percent. 

Volatile  matter do... 

Fixed  carbon do . . . 

Ash do... 

Sulphur do. . . 

Ultimate: 

Hydrogen v...do 

Carbon do 

Nitrogen do. 

Oxygen do. 


3798 

2.91 
12.66 
66.98 
17.51 

3.12 

3.38 

73.01 

1.21 

L15 


4882 

L40 
15.11 
68.30 
15.10 

2.58 

3.84 

75.03 

1.35 

1.83 


1.06 
16.50 
68.84 
13.61 

2.48 

3.85 

75.63 

1.24 

1.70 


4626 

1.76 
15.96 
67.30 
14.96 

2.29 

3.84 

75.65 

1.94 


Extraction  analyses. 


Pitches. 


Fuel. 


Ark.  No. 
13. 


Briquets. 


Test  164.   Teet2JL4.   TsstaSl. 


Laboratory  No 

Air-drying  loss jier  cent . . 

Extracted  by  CSi  (as  re- 
ceived)  per  cent., 

Pitch  in  briquet  by  analy- 
sis  per  cent. . 

Heat  value .B.  t.  a... 


96.20 


16,870 


4625 


90.56 
'16,676 


88.31 


3798 
1.70 


.09 


16,637 


12,312 


0.70 

5.76 

6.97 
12,917 


6.28 

0.63 
12,096 


0.80 

6.29 

6.63 
U,9a6 
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CAIIFOBNIA  OOAIr-PITTSBITBraH  NO.  14. 

A  3-car  sample  lot  of  run-of-mine  lignite  from  the  lone  mine;  at 
lone,  Amador  Comity,  Cal.,  was  designated  Pittsburgh  No.  14. 

Briquetting  tests  308,  309,  310,  311,  313,  314,  315,  and  329  were 
made  on  it  with  the  German  lignite  press.  (Jas-producer  test  185 
and  house  heating  boiler  test  H90  were  made  on  the  raw  lignite,  and 
gas-producer  test  188  and  house-heating  boiler  tests  H88  and  H89 
were  made  on  the  briquets. 

The  color  of  this  lignite  was  light  brown.  It  had  a  peculiar  waxy- 
feeling,  like  that  of  soapstone,  and  could  be  easily  polished.  A  casual 
inspection  showed  that  the  lignite  was  rich  in  binding  material.  The 
results  of  subsequent  tests  and  analyses  confirmed  this  fact. 

In  the  first  test  (308)  of  this  lignite,  the  press  operated  much  more 
easily  than  in  the  tests  of  Texas  and  North  Dakota  lignites.  The 
dried  material  contained  about  9.75  per  cent  moisture  and  the  dies 
were  set  to  give  a  high  pressure.  The  briquets  had  rough  surfaces, 
especially  at  the  edges,  but  were  of  good  shape.  The  cohesion  test 
showed  them  to  be  stronger  than  the  briquets  made  from  any  other 
lignite;  in  fact,  they  were  surpassed  in  strength  only  by  those  made 
from  the  same  lignite  in  test  329. 

In  test  309  the  briquets  were  of  excellent  shape  as  they  left  the 
press,  but  on  slight  handling  most  of  them  broke  in  two  along  a 
shearing  plane  that  extended  diagonally  from  one  long  edge  to 
another.  Investigation  indicated  that  this  weakness  resulted  from 
the  material  being  too  dry  to  flow  perfectly  in  the  mold.  In  the  next 
test  (310)  the  moisture  content  of  the  briquet  mixture  was  1  per  cent 
higher  (8i  per  cent)  and  the  shearing  was  practically  eliminated, 
although  there  were  some  signs  of  it.  On  account  of  this  defect  none 
of  the  briquets  from  tests  309  and  310  was  saved. 

Test  311  was  made  to  see  whether  weathering  injured  the  briquet- 
ting  qualities  of  this  lignite.  The  material  used  had  been  spread  on  the 
ground  for  22  days  and  had  become  ficne  slack.  In  comparison  with 
the  car  sample  the  only  change  shown  by  proximate  analysis  was  a 
smaller  percentage  of  moisture.  Seemingly  the  weathering  did  not 
affect  the  briquetting  qualities  at  all,  for  the  test  produced  briquets 
having  satisfactory  shape,  surface,  and  strength. 

In  test  313  the  moisture  in  the  briquet  material  was  a  little  over 
9  per  cent,  and  a  set  of  dies,  ground  to  give  a  very  heavy  pressure, 
was  used.  The  briquets  were  the  weakest  of  any  made  from  this 
lignite.  Their  lack  of  strength  may  have  resulted  in  part  from  the 
dies  being  new,  as  dies  work  better  after  being  polished  by  use. 

Tests  314  and  315  were  made  to  determine  whether  better  briquets 
could  be  obtained  by  passing  the  undried  material  through  a  screen 
having  ^V^hich  openings.  The  undried  material  for  test  314  was  not 
92012«»— BuU.  58^-13 10 
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screened,  but  that  for  test  315  was  screened.  With  the  same  steam  pres- 
sure in  the  drier,  the  dried  material  contained  14.6  per  cent  moisture  in 
test  314  and  only  10.13  per  cent  in  test  315.  The  two  lots  of  briquets 
had  satisfactory  strength,  but  both  the  drop  and  the  tumbler  tests 
showed  that  the  screened  material  made  the  stronger  briquets,  the 
gain  in  strength  being  12  per  cent  by  the  drop  test  and  26  per  cent  by 
the  tumbler  test.  The  two  lots,  however,  did  not  differ  much  in 
general  appearance,  both  being  well  formed  and  smooth. 

Test  329  furnished  the  best  lot  of  briquets  made  from  this  lignite. 
There  was  10  per  cent  moisture  in  the  briquet  material;  the  pressure 
used  was  high,  but  lower  than  in  tests  313,  314,  and  315.  The 
briquets  had  weU-polished  surfaces,  and  were  the  strongest  made 
from  any  of  the  lignites  named  in  this  report.  A  "  cohesive  strength" 
of  71  per  cent  was  shown  by  the  drop  test  and  68  per  cent  by  the 
tumbler  test. 

This  lignite  briquets  very  easily,  as  it  contains  more  than  enough 
natural  binder.  Excellent  briquets  were  made  with  the  German 
press  by  drying  the  ground  lignite  till  it  contained  from  8J  to  15  per 
cent  moisture.  The  best  briquets  will  be  obtained  when  the  material 
is  ground  so  that  aU  of  it  passes  a  ^-inch  screen  and  40  per  cent  passes 
a  ^inch  screen,  the  briquets  being  subjected  to  a  moderately  high 
pressure.  An  extremely  high  pressure  does  not  give  the  best  results 
and  increases  the  cost.  The  right  pressure  can  be  had  by  using  a  set 
of  dies  so  ground  that  the  tangent  of  the  die  angle  is  6/89. 

Summary  of  tests. 


Test  No. 

Moisture 

In 
briqust 
material. 

Pressure  in  mold. 

Character  of  briquets. 

Remarks. 

Form. 

Strength. 

808 

Percent. 
9.74 
7.78 
8.61 
7.68 
9.14 
14.61 
10.13 
10.00 

High 

Good 

Very  good 

Weak* 

Sides  sUghtlycnoked. 
Sheared  diagonaUy. 
No  shearing  evident. 
Haterlal  too  dry. 
Do. 

309  . 

.    .  do 

Excellent 

Good 

310 

do 

Good 

311 

313 

do 

very  high 

do 

do 

do 

Very  good 

do 

do 

rair 

314 

Very  good 

do 

316 

do 

329 

High 

Excellent 

ExoeUent 

Mixtures  of  this  lignite  with  25  and  with  50  per  cent  of  a  Pitts- 
burgh  coal  made  excellent  briquets.  Patents  have  been  granted  for 
utilizing  the  natural  binder  of  certain  lignites  to  briquet  mixtures 
of  these  lignites  with  bituminous-coal  slack.  Anthracite  screenings 
can  be  used  in  place  of  the  bituminous  slack,  and  the  substitution  of 
such  screemngs  would  lessen  the  production  of  smoke. 

Preliminary  results  from  gas-producer  tests  of  raw  and  briquetted 
samples  of  this  lignite  showed  that  the  consumption  of  fuel,  as  fired 
per  hour  per  brake  horsepower  developed;  was  4.Q6  pounds  for  the 
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raw  lignite  and  only  2.84  pounds  for  the  briquets.  The  relative 
efficiency  of  the  raw  and  the  briquetted  lignite  as  boiler  fuel  was 
roughly  shown  by  house  heating  boUer  tests  H88,  H89,  and  H90. 
Each  pound  of  raw  lignite  evaporated  2.82  pounds  of  water  at  212**  F., 
and  each  pound  of  briquets  evaporated  3.23  pounds. 

The  briquets  resisted  weathering  well.  Weathering  does  not  en- 
tirely destroy  the  briquetting  qualities  of  this  lignite,  as  shown  by  the 
results  of  a  test  made  on  a  sample  that  had  been  exposed  to  the 
weather  for  two  years.  It  briquetted  well,  without  addition  of 
binder,  imder  a  pressure  of  only  6,000  pounds  per  square  inch,  after 
the  sample  had  been  dried  and  then  heated  by  a  steam  jet  for  one 
minute. 

Briquetting  tests. 


Size  as  shipped. 

Size  as  used: 

r.  0.  m. 

Overiinch,  per 

cent 

2.0 

A  to  i  inch,  per 

cent 

18.6 

AtoAtoch,per 
cent. 

31  0 

Ato^Vtacli^per 

cent. 

23.5 

Through  A  inch, 

per  cent. 

Detailaof  manofBo-' 

26.0 

tore: 

Midline  used 

German. 

BriqiKttinftem. 
B^to^Sd...*"! 

102 
None. 

Tangent  of  die. 

angle. .  - 

Q/80 

Steam    pressure 

on  drier,  poimds 
Wefajito/- 
Fuel  briquet- 

10 

ted,  pounds 

6,876 

Briquets, 

average, 

pounds.... . 
Mirfstore  In  briquet 

0.88 

Drop     test,     1-inch 

9.74 

acieeu! 

Held... per  cent.. 

68 

TBBBtd do.... 

82 

Tumbler  test,  1-ineh 

acteen: 

Held... per  cent.. 

08 

Phased.... .do.... 

32 

Fines  tlirough  10- 
noesh  sieve,  per 

cent. 

WeaO&ertest: 

Tlnoe     exposed, 

days 

OoncUtftoD ........... , 


Test  No. 


308. 


63.6 


309. 


r.o.m. 

3.6 
21.0 
33.0 
24.0 
18.6 

German. 

96 
None. 

(V89 

16 

01,790 

0.86 
7.T8 

(•) 


310. 


r.  o.  m. 

2.0 
18.6 
29.0 
24.5 
26.0 

German. 

86 
None. 

6/89 

13 

2,467 

0.90 
8.  a 


311. 


2.0 
18.6 
32.6 
22.6 
24.6 

German. 

91 
None. 

6/89 

10 

3,407 

0.86 
7.68 


66.6 


313. 


r.  0.  m. 

6.6 
29.0 
23.0 
17.6 
24.0 

German. 

92 
None. 

7/89 

10 

2,916 


9.14 


28.00 
72.00 


314. 


r.  0.  m. 

10.0 
33.0 
21.6 
14.6 
21.0 

German. 

104 
None. 

7/89 

,     6 

18,937 

1.06 
14.61 


S8 


40 


315. 


r.  o.  m. 

6.0 
29.0 
23.5 
18.5 
24.0 

German. 

96 
None. 

7/80 

5 

8,304 

1.02 
10.13 


45.5 


r.  0.  m. 

3.0 
20.0 
26.0 
18.0 
24.0 

German. 

107 
None. 

6/89 

'  7 

9,000 

0.92 
10 


n 

29 


68 
32 


68.5 


66 
A 


a  Briquets  scrapped  on  account  of  diagooal  cracks  in  them. 

The  tables  following  show  the  changes  in  composition  of  this  fuel 
during  storage  at  the  plant  for  68  days,  until  used  for  the  laat  briquet- 
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ting  test.    The  ayerage  of  proximate  analyses  of  8  Bamplea  used  for 
tests  on  different  dates  is  also  given.    No  mine  sample  was  taken. 

Chemical  analyses. 


Car 
sample. 

Sample  as 
medaa 

last  test. 

Average 

of8 
samples. 

Dftte  taken 

Apr.  23 
7621 

32.30 
30.46 
29.60 
17.66 
13.48 
.97 

6.42 

63.37 

.61 

16.72 

6,080 

Jmie  29 
8019 

22.7 
27.97 
34.64 
23.66 
14.83 
1.68 

I^^boi^tpry  No         ...                     . .     .         .       . 

Ptozlmate: 

Air-dry  tag  loss... 
Moistim 

percent.. 

clo 

36.09 
34.52 

Volatile  matter... 

Fixed  carbon 

Ash 

do.... 

do.... 

do.... 

33.84 
18.61 
13.02 

Sulphur 

do.... 

1.08 

Ultimate: 

HvdnMfen 

;..do.... 

Carbon 

do.... 

Nitrogen 

do.... 

Oxygen 

do.... 

Heat  value 

B.t.u.. 

7,646 

6,764 

Proximate  analyses  of  briquets. 

Test  308. 

Test  309. 

Test  310. 

Test  311. 

Test  313. 

Test  314. 

Test  316. 

Test  329. 

Laboratory  No 

Proximate: 

Moisture,  per  cent 
Volatile  matter, 

percent 

Fixed  carbon,  per 
cent 

7774- 

9.07 

46.53 

35.01 
19.39 
1.83 

7767 

6.66 

43.99 

32.80 
16.66 
1.70 

7773 

7.86 

47.53 

27.01 

17.61 

1.56 

7776 

7.34 

40.04 

26.97 
17.66 
1.61 

7846 

9.17 

46.28 

26.76 

17.80 

L4S 

7861 

12.66 

44.95 

24.59 
17.80 
1.24 

7864 

10.40 

46.60 

26.31 

17.69 

1.47 

8018 
9.82 
46.48 
24.  M 

Ash....  per  cent.. 
Sulphur,  p.  cent.. 

19.16 

1.77 

Extraction  analyses. 

Test  308. 

Test  309. 

Test  310. 

Test  311. 

Test  313. 

Test  314. 

Test  316. 

Test  329. 

Laboratory  No 

Extracted    by    CSs 
(moisture  free),  per 
cent. 

7774 

7.02 
9,227 

7767 

7.01 
10.138 

7773 

7.60 
9,704 

7776 

7.76 
9,734 

7846 

7.96 
9,360 

7861 

8.36 
8,942 

7864 

7,97 
9,131 

8018 

Heat  value..  B.t.u.. 

•,1«7 

TESTS   ON  THE   LADLEY  PRESS. 

Briquetting  tests  of  this  lignite  were  conducted  with  the  I^lej 
press.  This  press  is  described  on  page  36,  and  shown  in  Plate  XV. 
The  lignite  was  dried  in  the  Schnlz  drier  at  the  Pittsbui^  plant  until 
it  contained  6.79  per  cent  moisture  and  then  shipped  to  Indianapolis. 

METHOD  OF  HEATTNO  LIONITE. 

In  tests  1,  4,  5,  6,  7,  8,  and  9  each  pailful  of  the  material  was  heated 
by  dry  steam  from  the  nozzle  of  a  hose,  the  steam  being  taken  from 
the  dome  of  the  boiler.  The  steam  escaping  from  the  nozzle  was 
slightly  superheated,  and  although  the  loss  of  heat  from  radiation 

..y.tized  by  Google 


DETAILS  OF  BBIQUBTTIKO  TB8T8. 


139 


was  rakttiyely  lai^e  the  lignite  could  be  heated  to  a  temperature  of 
208^  F.  The  length  of  the  heatings  was  from  one  to  two  and  a  half 
minutes;  the  temperatures  obtamed  were  from  194^  to  208°  F.  In 
tests  2,  3,  and  10  the  material  was  heated  oyer  a  forge  fire  before 
pressing. 

The  molds  for  these  tests  were  heated  by  placing  a  red-hot  iron  in 
a  mold  for  some  time.  In  some  of  the  tests  a  gasoline  torch,  which 
gave  a  more  even  heat,  was  used.  The  dried  and  heated  material 
was  packed  in  the  mold  with  a  round  bar  and  a  sledge  hammer,  and 
the  mold  was  again  filled  and  tamped.  Then  the  machine  was  started 
and  the  briquet  was  formed  and  ejected. 

The  briquets  were  2^  inches  in  diameter  and  3  inches  long  and 
weighed  10  to  10^  ounces. 

The  analyses  of  the  briquet  material  before  and  after  drying  and 
of  the  briquets  made  from  material  heated  by  the  two  methods  de- 
scribed are  given  in  the  following  table: 

Analyses  of  lignite  and  briquets. 


lioltUiie per  oaat . 

Volatile  oombi]0tlon do — 

Fixed  carbon do.. 

Aah- do.. 

Sulphur do.. 

Heat  TaliM B.  t.  u 


Material. 


Before 
drying. 


39.46 
29.50 
17.55 
18.49 
.97 
6,080 


After 
dry  inf. 


6.79 
48.72 
28.49 
21.00 

1.86 
9,126 


Briquets. 


Material 
heated  by 
live  steam. 


13.37 
44.36 
23.48 
18.79 
1.54 
8,662 


Material 
heated  by 
forge  fire. 


4.47 
47.43 
26.23 
21.87 

1.82 
9,538 


The  principal  details  of  the  tests  are  summarized  as  follows: 
Details  of  tests  1  to  10  on  the  Ladley  press. 


Heating  of  material. 

Test 
No. 

Method  need. 

Time  of 
heating. 

Tempera- 
tare  of  ma- 
terial be- 
fore  press- 
ing. 

Quality    of    briquets 
obtained. 

Remarks. 

1 

2 

Steam  Jet 

.f°^™::::: 

Steam  jet 

do 

do 

;;;;lEE 

FerB»fire 

Mhuue9. 

iii 

199 

'''^ 

205 

194 

176 

212-230 

Poor;  too  soft  and  dusty. 
Poor:  too  dry 

Mold  too  cold. 

3 

Fair...        .  .         

Water  added  before  heating,  to 

4 

Good 

replace  evaporation. 
Improvement  made. 
Mold  too  cold. 

5 

Fair 

0 

Good 

Do. 

«7 

Excellent 

8 

9 

do 

Good 

Do. 
Do. 

10 

Excellent...          .  ... 

Do. 

•NotMted.   ftNvt 


« A  test,  7A,  waa  nuMle mder eane oonditlons as  taet  7  on  the  foUowjng  day. 


The  briquets  made  in  tests  7  and  10  were  smooth  and  hard  and 
their  edges  sharp  and  firm.     The  briquets  from  test  7  had  fewer  sur-r 
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face  cracks  than  those  from  test  10,  although  both  lots  were  smooth 
enough.  With  steam  in  the  steam  jackets  the  molds  would  be  hotter 
and  the  results  might  be  even  better. 

The  condensation  of  the  steam  used  for  heating  the  material  in 
test  7  increased  the  moisture  content  of  the  material  and  of  the 
resulting  briquets.  For  this  reason  the  briquets  from  that  test  had  a 
lower  heating  value  than  those  from  test  10,  in  which  the  material  was 
heated  over  a  foige  fire. 

The  tests  demonstrated  that  without  added  binding  material  at 
least  one  American  lignite  could  be  made  into  good  briquets  by  an 
American  press. 

STOVE   AND  GRATE   COMBUSTION  TESTS  OF  BRIQUETS. 

Combustion  tests  of  briquets  of  this  California  lignite  were  made 
at  Pittsburgh,  Pa.,  in  a  range  and  in  an  open  heating  grate  to  deter- 
mine whether  they  fell  to  pieces  while  burning,  the  length  of  flame, 
and  the  quantity  of  smoke;  also  to  determine  the  completeness  of 
combustion  as  shown  by  the  percentage  of  combustible  matter  in  the 
refuse. 

TB8TS  IN  A  KITCHEN  RANGE. 

The  kitchen  range  had  Dockash  grates  with  openings  one-half  inch 
wide  and  could  bum  hard  or  soft  coal.  In  the  first  trial  the  attempt 
was  made  to  bum  the  briquets  under  the  conditions  present  with  the 
Pittsburgh  coal  regularly  used.  Some  of  the  coal  was  mixed  with 
the  briquets,  however,  and  the  fire  box  was  filled  so  high  that  proper 
c<)mbustion  was  impossible.  For  the  next  trial  most  of  the  coal  was 
raked  from  the  fire  box  and  a  fire  gradually  built  with  briquets  alone. 
The  results  were  excellent. 

Briquets  were  added  at  half-hour  intervals.  The  fire  did  not 
require  much  stirring,  but  it  was  raised  slightly  with  a  slice  bar 
when  it  packed  too  much  at  the  bottom.  This  did  not  cause  exces- 
sive loss  of  unbumed  material  through  the  grate,  as  was  shown  by 
the  results  of  the  test. 

In  five  hours  32  briquets,  or  32  pounds  of  fuel,  was  bumed.  The 
refuse  weighed  8  pounds  and  was  therefore  25  per  cent  of  the  fuel  as 
fired.  An  analj^is  of  the  briquets  showed  the  ash  content  to  be 
19.16  per  cent. 

AnalyBis  of  the  refuse  or  *' ashes''  gave  the  following  results: 

Percent. 

Moisture 2. 52 

Combustible  matter 33, 05 

Ash  (actual) 64.43 

Only  one-third  of  the  refuse  was  combustible  matter,  and,  as  the 
refuse  was  26  per  cent  of  the  fuel  fired,  the  loss  of  combustible  through 
the  grates  was  33.05x25  =  8.3  per  cent  of  the  coal,  or  11.5  per  cent 


DETAILS  OF  BBIQUETTIKG  TESTS. 


141 


of  the  combustible  fired.  The  loss  of  8.3  per  cent  is  low  for  a  kitchen 
stove,  which  at  best  does  not  bum  fuel  with  high  efficiency;  and 
compares  favorably  with  the  percentage  of  loss  for  good  bituminous 
coal  burned  in  such  a  stove. 

The  proximate  analyses  of  the  briquets  and  of  the  refuse  from  the 
kitchen-stove  and  the  heating-grate  tests  compare  as  follows: 

Prtamuite  analyses  ofbriqfuets  and  of  refuse  from  hitchen-stove  and  heating-graU  tests. 


Briquets. 

Refuse  from— 

Material. 

Kitchen- 
stove  test. 

Heating- 
grate  test. 

Moistiire 

VfliMIU»in»ttM' 

peroent.. 

do.... 

do.... 

do.... 

0.82 
46.48 
34.54 
19.16 

1.77 
9,187 
71.02 

2.62 

0.77 

^»Wd  CtfbOfl „ 

AA 

64.43 

72.60 

do.... 

F«5tv»li» 

B.t.u.. 

percent.. 

Combustible  matter 

33  01 

26.63 

TESTS  IN   A  HEATING  GRATE. 


Through  the  courtesy  of  the  quartermaster's  office,  the  author 
obtained  the  use  of  a  heating  grate  in  one  of  the  vacant  buildings  on 
the  arsenal  grounds  at  Pittsburgh,  Pa.,  for  testing  the  combustion  of 
the  briquets  in  a  heating  grate.  The  grate  was  24  inches  wide,  9 
inches  deep  at  the  center,  and  slightly  less  at  the  sides.  The  grate 
bars  were  of  cast  iron.  The  bottom  bars  ran  from  the  back  to  the 
front  and  were  spaced  1  inch  apart.  A  fire  was  started  in  the  grate 
with  paper  and  a  little  wood,  upon  which  was  placed  25  pounds  of 
briquets.  A  thermometer  was  hung  on  the  outside  of  the  building 
and  another  on  the  wall  of  the  room  about  4  feet  in  front  and  to  one 
side  of  the  fire  and  about  3  feet  above  the  level  of  the  grate.  The 
temperatures  taken  were  not  expected  to  furnish  data  of  interest. 
The  main  object  of  the  tests  was  to  note  the  combustion  of  the 
briquets  and  whether  the  economic  results  obtained  were  better 
than  from  tests  under  steam  boilers. 

Observations  on  grate  test. 


Time. 

Temperatbre. 

Weifdit 

offuefas 

fired. 

Outside. 

Inside. 

9.30a.m 

•F. 
37 
37 
30 
34 
31 
30 
29 

•F. 
51 
66 
67 
a05 
64 
60 
66 

Pounds. 
25 

9.4Sa.m 

20 

10. 30  a.  m 

20 

12  noon. 

35 

1.30p.m 

0 

4p.m 

0 

6p.m;;::::;:::::;: : :...:..: :: 

0 

a  Drop  of  temperature  caused  by  opening  an  outside  door. 
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No  fuel  was  added  to  the  fire  after  12  noon.  At  5  p.  m.,  after 
burning  five  hours  without  attention,  the  fire  was  practically  burned 
out.  The  table  shows  that  in  7^  hours  100  pounds  of  briquets  was 
fired,  giving  24  pounds,  or  24  per  cent,  of  refuse.  After  the  briquets 
were  well  ignited  they  burned  freely.  They  burned  with  a  bright- 
yeUow  flame,  much  cleaner  than  the  smoky  flame  from  some  bitumi- 
nous coals,  and  the  chimney  showed  only  a  slight  yellowish  smoke 
even  directly  after  firing  fresh  fuel.  The  fi^e  was  unpleasantly  hot 
to  the  face  at  a  distance  of  8  feet.  No  unpleasant  odor  could  be 
detected  in  the  room,  though  the  gases  from  burning  lignite  have  a 
characteristic  odor  and  irritate  the  eyes  and  nose. 

The  combustible  in  the  refuse  was  only  26.63  per  cent,  and  as 
there  was  24  per  cent  of  refuse,  the  loss  of  fuel  through  the  grate 
bars  was  approximately  6  per  cent  of  the  total  fuel  fired.  This  loss 
is  no  greater  than  from  a  coking  coal  burned  under  the  same  con- 
ditions. The  loss  through  the  grate  of  the  kitchen  range  was  approx- 
imately 8  per  cent,  or  2  per  cent  more  than  through  the  fireplace 
grate.  The  latter  had  wider  spaces  between  the  grate  bars,  but  the 
fire  in  it  did  not  need  raking,  whereas  some  raking  of  the  kitchen- 
range  grate  was  necessary. 

The  loss  in  both  grates,  however,  was  less  than  anticipated.  The 
lignite  used  was  noncoking,  and  one  would  naturally  expect  from  it  a 
larger  loss  of  unburned  material  through  the  grate  than  from  a 
coking  coal. 

CONCLUSIONS. 

From  the  observed  results  of  these  combustion  tests  the  following 
conclusions  may  be  drawn: 

The  briquets  ignite  readily,  make  a  hot  fire,  and  bum  freely  until 
consumed. 

little  shaking  or  poking  of  the  fire  is  needed  to  obtain  maximum 
efficiency  from  the  fuel. 

The  loss  of  imbumed  fuel  through  the  grates,  6  to  8  per  cent,  is 
not  excessive  and  could  be  reduced  by  using  step  grates  or  grates 
with  narrow  spaces  between  the  bars. 

A  grate  measuring  8  by  24  inches  is  big  enough  for  heating  a  large 
room  with  these  briquets. 

Under  the  test  conditions  little  smoke  was  made;  this  smoke  was 
light  yellow,  and  would  not  be  offensive  in  residential  districts. 

The  briquets  should  prove  a  satisfactory  domestic  fuel,  and,  if  they 
can  be  produced  cheaply  enough,  should  compete  with  other  fuels 
for  steam  production. 
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OOIXntADO  NO.  1. 

A  sampleof  run-of-mine  subbituminous  coal  from  Lafayette,  Boulder 
County,  on  the  Colorado  &.  Southern  Railroad  of  the  Burlmgton  sys- 
tem, was  designated  Colorado  No.  1,  and  a  part  of  the  sample  was 
subjected  to  briquetting  tests. 

It  was  first  used  undried  with  10  per  cent  of  pitch  D.  As  these 
briquets  were  received  from  the  English  machine  they  were  hard  to 
handle,  especially  when  there  was  an  excess  of  steam.  The  pitch  did 
not  seem  to  adhere  to  the  grains  of  lignite.  On  cooling,  however,  they 
became  hard,  black,  and  lustrous,  but  were  too  brittle.  The  adhesion 
of  the  pitch  to  the  grains  of  lignite  was  not  strong.  The  briquets 
seemed  to  be  too  pitchy,  and  if  the  adhesion  between  the  pitch  and  the 
lignite  were  greater,  8  per  cent  of  pitch  D  would  undoubtedly  be 
sufficient  to  give  the  desired  results.  Although  there  was  no  steam- 
ing test  made  with  the  briquets,  they  were  burned  under  a  boiler,  and 
proved  satisfactory.  They  weighed  5.98  poimds  each.  Some  of  the 
mixture  was  tested  on  the  American  machine,  but  the  eggettes  were 
much  inferior  to  the  briquets. 

Chemical  analysis. 


Car 
sample. 


Car 
sample. 


Laboratory  No 

Proximate: 

Air-dryisgloas per  cent. 

Moisture do. . . 

Volatile  matter do. . . 

Fixed  carbon do. . . 

Ash do... 

Solpliur do... 


1523 

6.00 
18.68 
34.88 
40.45 

5.90 
.55 


Ultimate: 

Hydrogen.. percent. 

Carbon do... 

Nitrogen do... 

Oxygen do... 

Heat  value B.  t.  u. 


4.91 

70.66 

1.41 

14.07 

10,143 


ILLDrOIS  KO.  1. 

A  sample  of  bituminous  coal  (over  1-inch  screen)  from  O'Fallon, 
St.  Clair  Coimty,  on  the  Belt  Terminal  Railroad  of  East  St.  Louis,  was 
designated  Illinois  No.  1,  and  a  part  of  the  sample  was  subjected  to 
briquetting  tests  at  the  St.  Louis  plant. 

Briquets  from  this  coal  were  first  made  with  the  hard  pitch  X  as  a 
binder.  One  and  a  quarter  tons  of  this  coal  was  briquetted  on  the 
English  machine  with  16  per  cent  of  pitch  X,  but  on  account  of  the 
softness  and  roughness  of  the  coal  the  briquets  were  brown  and  soft, 
resembling  pressed  damp  loam.    They  were,  however,  compact. 
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FUBL-BBIQUBTTINO  INVESTIGATIONS. 
Chemical  analyns. 


Car 
sample. 

Gar 
sample. 

1261 

3.70 
9.76 
87.48 
39.57 

13.  ao 

4.10 

Ultimate: 

Hydrogen., 

Carbon 

Nitrogen 

Heat  value.'.'.'. -*.'.'-'.'." 

percent.. 

do.... 

do.... 

: do.... 

B.t.u.. 

• 

Prozlniate: 

Air-drylDC  liMS 

percent.. 

4.0 

6ft.  17 

Mobture. 

Volatile  matter 

Fixed  carbon 

Ash 

Solpliar 

do.... 

do.... 

do.... 

do.... 

do.... 

1.14 

8.83 
11,025 

ILIilNOIS  NO.  4. 

A  sample  of  bituminous  coal  (over  2-inch  screen)  from  about  1 
mile  west  of  Troy,  Madison  County,  on  the  St.  Louis,  Troy  &  Eastern 
Railroad,  was  designated  Illinois  No.  4  and  a  part  of  the  sample  was 
subjected  to  briquet  ting  tests  at  the  St.  Louis  plant. 

Two  tons  of  this  coal  was  briquett^d  with  6  per  cent  of  pitch  D. 
The  coal  was  not  finely  ground,  only  one  side  of  the  dfaint^grator 
being  used.  There  was  a  great  deal  of  water  in  the  steam,  and  the 
briquets  were  full  of  the  usual  perpendicular  cracks.  A  high  pres- 
sure was  used,  and  some  of  the  briquets  were  larger  than  the  normal 
size,  a  result  that  was  due  to  the  compression  of  the  spring  of  the 
machine.  The  average  weight  of  these  briquets  was  6.95  pounds 
The  briquets  varied  considerably  in  texture,  some  being  hard  and 
firm  and  others  crumbly.  They  would  not  stand  much  rough  han- 
dling. Their  specific  gravity  was  1.16,  and  their  crushing  strength 
was  only  5,100  pounds,  or  181  pounds  to  the  square  inch.  Some  of 
the  mixture  was  tried  also  on  the  American  machine,  and  the  e^- 
ettes  were  better  than  the  briquets  made  on  the  English  machine. 
They  were  lustrous  and  deep  black. 

Chie  ton  of  this  coal  was  briquetted  with  8  per  cent  of  pitch  D, 
only  one  side  of  the  disintegrator  and  the  maximum  pressure  being 
used.  Excellent  briquets  were  obtained  with  this  combination,  but 
they  were  gray  in  color.  They  weighed  6.34  pounds  each,  and  had 
a  specific  gravity  of  1.11.  The  specific  gravity  of  the  coal  is  1.34. 
The  crushing  strength  of  these  briquets  was  9,327  pounds  or  325 
pounds  per  square  inch,  as  compared  with  181  pounds  to  the  square 
inch  when  6  per  cent  of  pitch  D  was  used  as  a  binder.  The  eggettes 
made  of  this  mixture  on  the  American  machine  were  not  so  strong 
as  the  briquets. 

In  the  next  test  with  IlUnois  No.  4  coal,  2  tons  of  the  coal  was 
briquetted  with  8  per  cent  of  piteh  E.  The  average  weight  of  the 
briquets  was  only  6.15  pounds.  Only  one  side  of  the  disintegrator 
was  used,  and  as  the  coal  was  hard  the  briquets  were  coarse  and 
contained  many  noticeably  laige  pieces  of  coal.  The  eggettes  made 
from  this  mixture,  on  the  other  hand,  were  much  better  in  quality 
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and  rather  lustrous,  but  of  a  decidedly  brownish  color.  The  specific 
gravity  of  the  briquets  was  1.13  and  their  crushing  strength  7,265 
pounds,  or  263  pounds  to  the  square  inch.  To  test  the  effect  of  finer 
grinding,  another  ton  of  this  coal  was  briquetted  with  8  per  cent  of  pitch 
E,  both  sides  of  the  disintegrator  being  used.  In  these  briquets  there 
were  a  few  grains  of  coal  as  big  as  a  kernel  of  com;  but  for  the 
most  part  the  material  was  too  fine  for  the  percentage  of  pitch,  and 
the  resultant  briquets  were  crumbly,  their  crushing  strength  being 
only  209  pounds  to  the  square  inch,  although  they  were  well-pressed 
and  lustrous  and  had  a  specific  gravity  of  1.03.  There  was  httle 
difference  in  the  properties  of  the  eggettes  and  the  briquets  made 
of  this  mixture.  Another  ton  of  this  coal  briquetted  with  9  per  cent 
of  pitch  E,  both  sides  of  the  disintegrator  and  a  maximum  pressure 
being  used,  gave  briquets  of  much  better  quality  that  would,  however, 
have  been  improved  by  the  addition  of  another  one-half  per  cent  of 
pitch.  These  briquets  weighed  6.43  pounds  each ;  their  specific  gravity 
was  1.08,  and  their  crushing  strength  9,125  pounds^  or  352  pounds  to 
the  square  inch.  The  eggettes  made  from  this  mixtiu*e  were  as  good 
as  the  briquets  and  were  more  lustrous. 

Another  test  was  made  with  Illinois  No.  4  coal  and  pitch  H,  which 
is  a  by-product  from  the  manufacture  of  gas  from  heavy  petroleum. 
Although  this  pitch  would  be  rather  soft  to  work  on  the  English 
machine  on  a  hot  day,  it  is  readily  cracked  and  mixed  on  a  cold  day. 
One  ton  of  the  coai  was  briquetted  with  8  per  cent  of  pitch  H,  and 
the  briquets  were  strong,  clean,  and  satisfactory,  being  much  better 
than  any  of  the  other  briquets  made  with  this  coal.  They  were 
readily  handled  when  taken  from  the  machine,  and  when  cold  were 
hard  and  tough  and  capable  of  standing  a  great  deal  of  rough  han- 
dling. Their  average  weight  was  6.81  pounds  each  and  their  specific 
gravity  was  1.11.  Their  crushing  strength  was  12,810  pounds,  or 
446  pounds  to  the  square  inch,  the  briquets  being  hardest  of  all 
those  made  from  lUinois  coal. 

The  last  test  made  with  this  coal  was  with  a  soft  asphalt  received 
from  the  Gulf  Refining  Co.  In  freezing  weather  this  asphalt  became 
hard  enough  to  crack  and  could  then  be  used  on  the  English  machine. 
On  account  of  the  cold  weather  there  was  considerable  water  in  the 
steam,  which  produced  cracks.  Because  of  this  fact  and  the  low 
melting  point  and  thinness  of  the  asphalt  while  hot,  the  briquets 
were  diflBcult  to  handle  as  they  came  from  the  machine.  They  were, 
however,  well  pressed  and  on  cooling  became  tough  and  would  stand 
much  handling.  The  weight  of  these  briquets  was  6.77  pounds  each. 
A  better  result  can  probably  be  obtained  by  using  a  small  percentage 
of  rosin  with  the  asphalt. 
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Chemical  artalyw. 


Car 
sample. 


Car 


Laboratory  No 

Proximate: 

AlzHlryiiig  loss per  cent. 

Moisture. do. . . 

Votatile  matter do... 

Fixed  carbon do. . . 

Aah do... 

Sulphur do. . . 


1417 

L70 
12.91 
3L90 
43.56 
11.  M 

1.32 


Ultimate: 

Hydrogen per  cent, 

Carbon do.., 

Nitrogen do . . , 

Oxygen do.. 

Heat  value B .  t.  u 


4.59 

flL74 

1.32 

9.46 

10. 8M 


ILLINOIS  NO.  7E. 

Screened  nut  coal  from  a  niine  near  CoUinsville  was  designated 
Illinois  No.  7E.  Steaming  test  516  was  made  of  the  unbriquetted 
fuel,  but  no  steaming  test  was  made  of  the  briquets. 

Renf row  briquets  made  with  8  per  cent  of  binder  were  satisfactory, 
were  easily  transported  from  the  machine  ¥rithout  breaking,  and  be- 
came very  hard  when  cold;  their  fractured  surface  was  rough  and 
their  edges  easily  crumbled,  owing  to  the  excessive  amoimt  of  clay 
present;  the  outer  surfaces  were  smooth,  with  dull  color. 

Briquetting  teat. 


81m  as  used: 

Over  i  Uudi per  cent. . 

■^  inch  to  i  inch do 

^  Inch  to  ft  inch do 

jw  inch  to  iv  inch do 

Through  ^  inch do 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature  *F. . . 
Binder- 
Kind 

Laboratory  No 

Amount per  cent. . 

Weiriit  of- 

Fuel  hriquetted.. pounds. . 
Briquets,  average ...  do 


Test  244. 


1.5 

6.6 

14.2 

22.0 

55.7 

Renfrov  No.  1 
W 

W.  G.  P. 

4806 
8 

12.000 
a  472 


DroD  test  (l-Inoh  screen): 

Held per  cent. 

Passed do... 

Tumbler  test  (1-inch  screen): 

Held do... 

Passed do... 

Fines  throu^  lO-mesh  sieve, 

percent 

Absoiption  test: 

Time  immersed days. 

Water  absorbed per  cent. 

Average  for  first  4  days  .do. . . 
Spedflc  gravity  (apparent) 


Test  244. 


63.5 
»w5 

S7.5 
12.5 

«7.2 

10 

7.4 

1.9 

1.257 


Chemical  analyses  of  coal  and  briquets. 


sampla. 

TestaM. 

Laboratory  No 

4780 

14.47 
28.14 
35.16 
23.  SS 
8.73 

3.84 

66.08 

.91 

8.82 

4028 

Proxtmate: 

Moisture 

percent.. 

6.06 

Volatile  matter 

.    ; ;;;;;.  ;;;._do. . . . 

90  69 

Fixed  carbon 

do.... 

40  34 

Ash 

do    . 

as  51 

Sulphur 

do.... 

6.09 

XJltlmate: 

Hydrogen 

do.... 

3. 57 

Carbon 

:::::::::::::::::::::::::::::::do:::: 

59.48 

Nitrogen 

do    . 

.83 

Oxjrgen 

do 

5.67 
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Pitch, 


FneL 


TU. 
No.  7E. 


Briqnete. 


Test  344. 


Laboratory  No 

Air^Kfaylne  loss percent. 

EztraetedfbyCSt  (as  received) do... 

Pttcfa  in  briquet  by  analysis do . . . 

Heat  value B.  t.  u. 


4806 


96.90 
'i6,'864 


4760 

10.60 

.42 


8,797 


LTD 

8.09 

7.96 

10,021 


ILLINOIS  NO.  9C. 

Bituminous  slack  coaJ  from  a  mine  near  Staunton  was  designated 
Illinois  No.  9C.  Steaming  tests  492  and  497  were  made  on  this  fuel 
in  the  briquetted  form. 

Briquets  made  on  the  English  machine  with  6  and  7  per  cent  of 
binder  were  satisfactory,  having  hard  surfaces  but  rough  fracture 
without  crumbling. 

Renfrow  briquets  made  with  8  and  9  per  cent  of  binder  were 
inferior  to  those  made  on  the  EngUsh  machine  with  6  and  7  per  cent 
of  binder  and  were  soft,  although  they  stood  handling  from  the 
machine;  their  fractured  surfaces  were  crumbly ,  but  the  briquets 
were  tough  in  texture.  This  coal  requires  high  pressure  to  make 
good  briquets. 

From  all  these  tests  the  briquets  when  cold  and  dried  had  excellent 
strength,  as  will  be  seen  by  noticing  the  results  of  the  drop  and  the 
tumbler  tests. 

Briqtietting  tests. 


Test  189. 


Test  190. 


Teft223. 


Test  284. 


fliieasahipiMd 

StaaMvaea: 

Over}  Inch percent 

^tPfl&to^lBdi do.. 

X  inch  to ^  Inch do.. 

vwiaebtojiinch do.. 

Throogh^inch do.. 

Details  of  Tnannfactnre; 

llaehinenaed 

MoMtttiiKtaniperatare *F 

Kinl 

Laboratory  No 

Amount percent 

WeWit— 

Fuel  briquetted pounds 

Briquats,  average do . . 

Dnrnteat  (l-ineh  screen): 

Maid percent 

Paased do.. 

Tumbler  test  (1-inofa  screen): 

Held do.. 

Passed do.. 

Fines  through  lO-mesh  sieve do.., 

WeaUMTtest: 

Time  exposed days. 

Condition , 

Absorption  test: 

Tfine  immened days. 

Water  absorbed percent 

Average  for  first  4  days do.. 

Speeillc  gravity  (apparent) 


Slack. 

0.4 
8.9 
14.4 
26.1 
56.2 

English. 

W.O.P. 

4543 
6 

12,000 
8.85 

62.0 
38.0 

77.2 
22.8 
80.3 

6 
B 

19 

9.4 

1.67 

1.146 


Slack. 

0.4 

8.9 

14.4 

25.1 

56.2 

English. 
167 

W.G.P. 
4543 

7 

12,000 
3.73 

57.0 
43.0 

76.2 
23.8 
81.4 

0 
B 

19 

12.0 

2.03 

1.124 


Slack. 

0.4 
8.9 
14.4 
35.1 
56.2 

Reoih>w  No.  1 
140 

W.O.P. 

4806 

8 

18,000 
0.448 

54.5 
45.5 

87.5 
12.5 
06.6 


Slack. 

0.4 
8.9 
14.4 
26.1 
56.2 

Renfrow  No.  1 
149 

W.G.P. 

4806 

9 

5,000 
0.426 

64.5 
35.5 

88.5 
11.5 
84.6 


13 
10.2 
2.43 
1.098 


13 

9.1 

2.17 
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Chemical  analyuB  of  coal  cmd  briqutta. 


Car 

Test 

Test 

sample. 

189. 

190. 

4247 

4408 

4473 

15.25 

14.82 

17.43 

28.57 

32.38 

28.08 

40.83 

39.13 

39.90 

16.35 

18.87 

18.60 

3.81 

3.51 

3.30 

4.17 

4.33 

4.81 

63.  M 

85.67 

66.20 

.97 

.88 

.99 

8.59 

8.77 

7.04 

Test 
234. 


Laboratory  No 

ProximAte: 

Moisture 

Volatfle  matter. 

Fixed  carbon... 

Ash 

Sulphor 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 


.percent. 
..V..do... 

do... 

do... 

do... 


.do... 
.do... 
.do... 
.do... 


4874 

5.43 
33.55 
47.63 
13.39 

3.52 

4.44 

68.44 
.91 

8.30 


Extraction  analyses. 


Pitches. 


FueL 


IlLNo.0. 


Briquets. 


Test  189.   Test  190.   Test  284. 


Laboratory  No 

Air-dryinff  loss percent.. 

Extracted,  by  CSt  (as  reoeived) do. . . . 

Pitch  in  briquet  by  analysis do 

Heat  YBlue B.  t.u.. 


4543 


99.66 
"i6,'9« 


4806 


96.90 
'  16,864 


4247 

13.30 

.63 


9,790 


4406 
12.30 
6.30 
5.75 
10,276 


4473 
15.10 
6.18 
5.50 
9,043 


4874 
3.10 
0.41 
9.12 
11,713 


ILLINOIS  NO.  12B. 

Bituminous  coal  from  Bush,  Williamson  County,  designated  Illinois 
No.  12B,  was  No.  5  washed,  and  this  sample  was  diipped  uninspected 
and  used  washed  in  hriquetting  tests  166,  177,  and  181. 

Steaming  test  463  was  made  of  briquets  from  this  sample. 

English  briquets  made  with  6.25  per  cent  of  binder  and  Renfrow 
briquets  made  with  7  per  cent  of  binder  were  of  excellent  quality. 
Briquets  were  easily  handled  when  warm,  although  some  difficulty 
was  experienced  in  piling  Renfrow  briquets,  as  they  stuck  together 
on  account  6f  the  low  melting  poiat  of  the  pitch  used.  The  surfaces  of 
all  briquets  were  hard  and  smooth,  with  rough,  dean  fracture  and 
sharp  edges. 

Eight  per  cent  of  binder  is  more  than  is  necessary  to  make  satis- 
factory briquets  from  this  fuel. 
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SiieMahlpiml 

Siieused: 

OwitMh peroent. 

^indto^lnch. do.., 

A<ndito^Jiich do... 

XiiiehtoAtQ<^ do.., 

Details  of  manufaotore: 

lladune  naed. , 

Briqaetting  temperature *F 

Ktod 

Laboratory  No 

Amount peroent 

WeUit— 

rnel  briqnetted pounds 

Briquets,  avenge do... 

Drop  test  (1-inch  screen): 

Held percent 

Paawd do.. 

Tumbler  test  (1-inch  soreen): 

Held do.. 

Peased do.. 

Fines  through  l^-mesh  sieve do. . 

Weather  test: 

Ttne  exposed days 

Oondltini 

Absorption  test: 

Ttaneimmflned days 

Water  absorbed peroent 

Avenge  lor  first  4  days do.. 

Speeiilc  gravity  (apparent ) 


Test  166. 


No.  6. 

0.2 
3.4 
15.2 
24.4 
66.8 

Renfrow  No.  1. 
131 

W.  O.  P. 

4120 

8 

100,000 
0.463 

66.6 
33.6 

88.6 
16.6 
96.6 

63 
B 

19 
13.3 
2.15 
1.074 


Test  177. 


No.  6. 

0.2 
3.4 
16.2 
24.4 
66.8 

English. 
186 

W.G.P. 
4643 
6.26 

61,000 
3.66 

85.1 
14.9 

84.6 
16.5 
78.3 

12 
A 

19 

8.6 

1.00 

1.101 


Test  181. 


No.  6. 

0.2 
3.4 
16.2 
24.4 
66.8 

Renfrow  No.  1. 
131 

W.  O.  P. 

4613 

7 

63,000 
0.432 

66.6 
34.6 

84.0 
16.0 
96.0 

19 

B 

19 

15.0 

2.13 

1.041 


Chemical  analyses  of  coal  and  briqy£ts. 


Car 
sample. 


Test  166. 


Test  177. 


TestlBL 


/No 

Prazimate: 

Moisture 

Volatile  matter. 
Fixed  carbon. . . 


Sulfur. 


Ummali 
'BjdtogbD. 
Ctebon... 
Nitrogen. 
Oxygen.. 


rcent. 
.do... 
.do... 
.do... 
.do... 

.do... 
.do... 
.do... 
.do... 


4201 

16.87 
28.19 
46.42 
9.62 
2.34 

4.66 

7a  91 

L26 

9.17 


4228 

6.99 
82.36 
6a  24 
ia41 

2.41 

4.49 

72.03 

1.00 

8.61 


6.67 
32.38 
6a  96 
11.00 

2.41 

4.20 
7a  09 

1.11 
ia28 


6.78 
32.63 
40.80 
11.80 

2.88 

4.69 

71.48 

1.09 

7.67 


Extraction  analyses. 


Fuel. 

Briquets. 

PltBhet. 

m. 

No.  12B. 

Test  166. 

Test  177. 

Test  181. 

Laboratory  No. 

4120 

4643 

4201 

13.30 

.02 

4228 
4.10 
a27 
a40 
11,961 

Air-drying  lcff«~T- peroent.. 

Extractwf  by  CS|  (as  received). .". . .do. . . . 
Pitfh  in  hrlflimt  hv  analwls do. . . . 

97.70 

99.66 

6.36 

6.35 

12,166 

ao6 

6.06 

Heetvahie.. : B.t,u.. 

17,060 

16,969 

10,784 

12,076 

Digitized  by  LjOOQIC 
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FUEIz-BBIQUETTIlirG  I19TE8TIGATIOKS. 


ILUirOIS  NO.  20. 

BitumiBOus  coal  from  StauntoHi  Macoupin  County,  on  the  Litch- 
field &  Madison  Railroad,  was  designated  Illinois  No.  20.  The 
sample  consisted  of  screenings,  and  was  shipped  by  the  <q>erator 
primarily  for  washing  tests,  but  some  of  it  was  used  in  briquetting 
tests  103  and  104  in  a  mixture  with  Kentucky  No.  2B  (coke  breeze). 

Briquets  made  from  coke  breeze  with  20  per  cent,  33}  per  cent, 
and  47  per  cent  of  coal  and  6  per  cent  of  pitch  were  easily  broken  in 
handling.  The  coke  breeze  was  washed,  one-half  being  used  wet 
and  one-half  put  through  a  drier.  Briquets  made  with  dried  fuel 
could  be  handled  better  when  hot,  but  there  was  no  difference 
between  the  two  types  when  cold.  Washed  breeze  was  too  high  in 
ash  for  satisfactory  fuel.  These  briquets  were  used  in  a  preliminary 
test  in  switching  locomotives.  Briquets  with  20  per  cent  of  coal 
burned  too  slowly  for  switching  service.  Briquets  with  33 J  per  cent 
of  coal  were  satisfactory  for  switching,  but  burned  too  slowly  for 
freight  or  passenger  service.  Briquets  with  47  per  cent  of  coal  were 
satisfactory  for  all  services.     No  analyses  of  the  briquets  were  made. 

Size  as  shipped,  breeze  through  1-inch  coke  fork  and  coal  screen- 
ings; machine  used, English;  briquetting  temperature,  1 79. 6 *^F.;  kind 
of  binder,  coal-tar  pitch;  proportion  of  binder,  6  per  cent;  laboratory 
number  of  binder,  2729;  weight  of  fuel  briquetted,  2,000  pounds. 

Chemical  analysis. 


Car 
sample. 


Car 
aample. 


Laboratory  No 

Proximate: 

Air-drying  loss per  cent. 

Moisture do... 

Volatile  matter do... 

Fixed  carbon do. . . 

Ash do... 

Sulphur do... 


2731 

12.40 
14.68 
31.32 
40.82 

13.  es 

3.88 


intimate: 

Hydrogen peromt 

Carbon do.. 

Nitrogen do 

Oxygen do. 

Heatvahie B.  tn.. 


4.43 

64.71 

1.17 

0.11 

10,068 


ILLINOIS  NO.  21. 

Bituminous  coal  from  Troy,  Madison  County,  on  the  St.  Louis, 
Troy  &  Eastern  Railroad,  was  designated  Illinois  No.  21.  Sample 
consisted  of  lump  coal  over  a  2|-inch  screen.  A  part  of  this  sample, 
14,000  pounds,  was  used  in  hriquetting  test  113.  Steaming  test  318 
was  made  of  the  briquets  from  this  test. 

Machine  used,  English;  briquetting  t^mpwature,  179.6®  F.;  kind 
of  bind^,  coal-tar  pitch;  laboratory  number  of  binder,  2933;  amount 
of  binder  used,  5  and  6  per  cent;  weight  of  fuel  briquetted,  14,000 
pounds. 

Briquets  made  with  5  per  cent  of  binder  were  hard  and  firm,  and 
stood  rough  handling.  Weathering  test:  Days  exposed,  75;  condi- 
tion of  briquets  made  with  6  per  cent  binder,  B.     ,^  t 

..y.nzedbyCjOOgle 
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Chemical  cmalyaes  of  coal  and  briquets. 
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Laboratory  No 

Proximate: 

Air-drying  loss percent. 

lioistare do . . . 

Volatile  matter do. . . 

Fixed  carbon do... 

Ash do... 

Sulphm' do. . . 

Ultimate: 

Hydrogen do... 

Carbon do . . . 

Nitrogen do... 

Oxygen do.. 

Heat  value  a B.  t.  u. 


Test  113 


17.31 
30.40 
42.28 
10.01 
1.28 

4.41 

70.01 

1.32 

10.61 

10,300 


a  Heat  value  of  binder  (Lab.  No.  2933),  15^037  B.  t.  u. 
ILLINOIS  NO.  23B. 

Bituminous  slack  coal,  through  2-inch  perforated  screen,  from 
Donkville,  Madison  County,  on  the  St.  Louis,  Troy  &  Eastern  Rail- 
road, was  designated  Illinois  No.  23B.  Briquetting  test  116  was 
made  of  this  sample  of  coal.  Steaming  tests  321  and  322  were  made 
of  the  briqiuetted  fuel. 

Briquets  made  with  5  and  6  per  cent  broke  in  handling.  Those 
made  with  6.5  per  cent  were  satisfactory.  In  the  weathering  test 
all  briquets  were  exposed  70  days;  the  condition  of  the  briquets 
made  with  5  per  cent  of  binder  was  D;  of  those  made  with  6  per 
cent,  C;  and  of  those  made  with  6.5  per  cent,  B. 

Briquetting  teat. 


Test  116. 


Test  116. 


Size  as  shipped 

Details  of  manufieu^ture: 

Machine  njBed 

Briquetting  tempeiature,  *F 

Kind 


(«) 

EngUsh. 
179.6 

CT.P. 


Details  of  manuf^ture— Con  tinned. 
Binder— Continued. 

Laboratory  No , 

Amount percent. 

Weight  of  fuel  briquetted pounds 


5,6,6.5 
12,000 


a  Through  2i-inch  screen. 
Chemical  ancdyees  of  coal  and  briquets. 


Car 

sample. 

Testll6.o 

Binder. 

Laboratory  No 

2803 

13.20 
15.68 
31.28 
37.46 
15.59 
3.98 

4.36 

62.72 

1.07 

8.64 

Proximate: 

Air-drying  loss 

percent.. 

, do 

Moisture 

13.54 
36.33 
41.67 
8.41 
3.21 

4.86 
69.30 

1.14 
1L28 

Volatile  matter 

do.... 

do.... 

do 

Fixed  carbon 

Ash 

Smphnr 

do.... 

Lnumato: 

Hydrogen. 

do.... 

do.  . 

Carbon 

Nitrogen 

do.... 

Oxygen 

do.... 

do.... 

64  20 

Heat  valbe .^ '. 

R    t-11 

9,656 

12,996 

15,937 

a  Composite  sample  of  briquets. 
«2012<'— BuU.  68—13 11 
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FUBL-BBIQUETTING  INVESTIGATIONS. 


ILLINOIS  NO.  28A. 

Bituminous  coal  from  bed  No.  7  at  Herrin,  Williamson  County, 
was  designated  Illinois  No.  28A.  This  sample  consisted  of  No.  5 
washed  coal,  and  a  portion  of  it  was  used  in  briquetting  tests  140, 
141,  142,  143,  162,  and  163  at  St.  Louis.  Steaming  test  459  was 
made  with  the  briquets  from  tests  162  and  163  (equal  weights  of 
each). 

There  was  no  appreciable  difference  in  briquets  with  6,  7,  and  8 
per  cent  of  binder  made  on  the  English  machine  and  8  per  cent  made 
on  the  Renfrew  No.  1  machine.  Renfrow  briquets  made  with  less 
than  8  per  cent  of  binder  were  not  satisfactory.  The  satisfactory 
briquets  had  hard,  smooth  outer  surfaces,  broke  with  clean,  rough 
fracture  without  crumbling,  and  their  edges  were  hard  and  sharp. 
Renfrow  briquets  could  be  handled  warm  and  could  be  piled  without 
crushing. 

Briquetting  tests. 


Test  No. 

140. 

141. 

142. 

143. 

168. 

183. 

SixB  as  shiDDod 

ao 

3.0 
13.0 
20.2 
63.8 

English. 

185 

W.G.P. 

3410 

6 

16,000 

3.44 

ao 

8.0 
13.0 

2a2 

63.8 

English. 

185 

W.G.P. 
3410 

7 

16,000 
3.54 

ao 

3.0 
13.0 

2a2 

63.8 

English. 

185 

W.G.P. 

3410 

8 

16^000 

3.45 

ao 

3.0 
13.0 

2a2 

63.8 

Renfrow  No.  1 

131 

W.O.P. 

3410 

8 

134,000 

a502 

ao 

8.0 
13.0 

aa2 

63.8 

RenftowNoLl 

131 

W.G.P. 
3886 

7 

40,000 

a468 

61.5 
38.5 

73.6 
26.5 

94.5 

127 
B 

19 

13.6 

1.84 

1.041 

ao 

3.0 
13.0 
2a2 

63.8 

English. 
185 

Siieasused: 

Over  *  inch per  cent. . 

^  Inch  to  i  inch do — 

^inch  to  ^  inch.  ..do.. . . 

A  inch  to  WW  inch ...  do 

Through^  inch.... do.... 

Details  of  manufacture: 
MnohlnA  PWHl        

Briquetting  tempeiatuie, 

Binder- 
Kind 

Laboratory  No 

Amount per  cent. . 

WeiKhtof- 

Fuelbriquetted..lbs.. 

Briquets,   average, 

TM>und.<9 

W.O.P. 
3885 

7 

8,000 
3.62 

Drop  test  (1-inch  screen): 
Held per  cent. . 

Passed do.... 

Tumbler  test  (1-inch  screen): 
Held do.... 

Passed do.... 

Fines    through    lO-mesh 
sieve percent.. 

Weather  test: 

Time  exposed days.. 

CondltionTTT. ..  . 

182 
A 

182 
B 

182 
A 

173 
B 

173 
B 

Abeorption  test: 

Time  immersed days.. 

Water  absorbed  .per  cent. . 

Average  for  first  4  days  do 

Specific  gravity  (apparent) 

a  Washed  soieeningL 
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Gar 
sample. 


Teat  140. 


Teat  142. 


Teat  143. 


Tests  162 
and  183. 


Laboratory  No 

Proximate: 

ICoiatiire 

Volatile  matter.. 

Fixed  carbon.... 

.\3h 

Sulphur 

Ultimate: 

Hydrogen 

Chrbon 

Nitrogen 

Oxygen 


.percent. 

do... 

do... 

do... 


.do., 
.do., 
.do., 
.do.. 


3409 

14.07 
26.17 
46.63 
12.64 
1.0S 

4.14 

7a  66 

1.66 

7.72 


6.81 
3a  31 
40.68 
14.30 

1.26 

4.21 

69.69 

1.36 

8.23 


6.76 
3L06 
61.60 
12.61 

1.21 

4.16 

7L93 

1.35 

7.06 


4066 

6.78 

3a68 

61.02 

12.62 

.06 

4.36 

7L80 

1.36 

8.00 


7.32 
3a72 
49.84 
12.12 

1.29 

4.21 

71.88 

1.60 

7.86 


Extraction  analysea. 


Fuel. 

Briquets. 

Pitches. 

lU.  No. 
28A. 

Test  140. 

Test  142. 

Test  143. 

Tests  162 
and  163. 

Laboratory  No 

3410 

3886 

3409 
9.30 

a  21 

4066 

Air-dry  ing  loss peroent.. 

Extracted  by  CSs  (as  received), 
per  cent 

79.98 

95.20 

9.15 

11.21 
12,026 

Pitch  in  briquet  by  analysis, 
per  cent 



HeatvBlne B.tu.. 

16,478 

16,870 

10,611 

11,561 



11,927 

11,637 

ILLINOIS  NO.  28B. 

Unwashed  bituminous  screenings  from  bed  No.  7  at  Herrin, 
Williamson  County,  was  designated  Illinois  No.  28By  and  a  part  of 
the  sample  was  used  in  briquetting  tests  144,  158,  159,  160,  and  161. 
Steaming  test  457  was  made  of  the  briquets  from  tests  159  and  161 
(equal  weights  of  each). 

These  briquets  showed  the  same  characteristics  as  those  made  from 
Illinois  No.  28A  coal,  except  that  when  cold  their  surfaces  were 
tougher  and  less  Uable  to  break  from  abrasion  than  those  of  the 
briquets  made  of  the  washed  fuel. 
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FUBL-BRIQUETTING  INVESTIGATIONS. 
Briqtutting  tests. 


Test  No. 


158. 


1S9. 


100. 


161. 


8is6  as  shipped 

Sixe  as  used: 

Over  i  Inch per  cent. 

^ inch  to  i  inch do... 

^  inch  to  ^  inch do. . 

A  inch  to  ^  inch do.. 

ThrouRh  ^  inch do... 

Details  of  manufactare: 

Machine  used 

Briquetting  temperature "F 

Binder- 
Kind 

Laboratory  No 

Amount per  cent. 

Weiditof- 

Fuel  briquetted pounds . 

Briquets,  average do. . . 

Drop  test  (1-inch  screen): 

Held per  cent. 

Passed do... 

Tumbler  test  (1-inch  screen): 

Held do... 

Passed do... 

Fines  through  10-mesh  sieve... do. . . 
Weather  test: 

Time  exposed days. 

Condition 

Absorption  test: 

Time  immersed days. 

Water  absorbed per  cent. 

Average  for  first  4  days do. . . 

Speciflo  gravity  (apparent) 


(«) 

0.4 
3.8 
13.4 
24.8 
67.6 

Renfrow  No.  1. 
131 

W.  O.  P. 

r  3486 

[  3624 

b8 

123,000 
a  524 

49.0 
51.0 

79.0 
21.0 
85.0 

141 
C 

19 

15.5 

1.98 

1.075 


(«) 


0.4 
3.8 
13.4 
24.8 
57.6 


ih. 
185 

C.  T.  P. 

.       3692 

6 

20,000 
3.50 

77.9 
22.1 

77.  B 
22.2 
80.0 

143 
B 

19 
14.3 
1.40 
1.002 


(«) 

0.4 
3.8 
13.4 
24.8 
57.6 

English. 
185 

C.  T.  P. 
3692 

7 

28,000 
3.51 

72.3 

27.7 

72.1 
27.9 
87.7 

137 
B 

19 

12.6 

1.30 

1.112 


(«) 

0.4 
3.8 
13.4 
24.8 
57.6 

English. 
185 

C.  T.  P. 

3692 

8 

20,000 
3.63 

80.6 
19.4 

66.4 
33.6 
78.3 

137 
B 

19 
13.9 
1.40 
1.075 


(•) 

0.4 
3.8 
13.4 
24.8 
57.6 

Renm>w  No.l 
131 

W.  O.  P. 
r  3602 


30,000 

a  481 

41.0 
59.0 

69.5 
40.5 
89.5 

113 
C 

19 
16. 0 
2.14 
1.038 


a  Unwashed  screenings.  b  Equal  weights  of  the  two  binders  were  used. 

Chemical  analyses  of  coal  and  briquets. 


Car 

sample. 


Test  144. 


Testa 
158, 150. 
and  100. 


TestUO. 


Laboratory  No 

Proximate: 

Moisture per  cent. 

Volatile  matter ." do. . . 

Fixed  carbon do . . . 

Ash do... 

Sulphur do. . . 

Ultimate: 

Hydrogen do. . . 

Carbon do... 

Nitrogen do. . . 

Oxygen do... 


8423 

9.87 
29.21 
48.47 
12.45 

2.19 

4.06 

70.23 

1.45 

8.00 


4144 

6.38 
31.07 
51.19 
11.36 

1.55 

4.23 

71.82 

1.39 

8.78 


4150 

5.45 
31.65 
51.74 
11.16 

2.04 

4.19 

n.62 

1.43 

8.80 


4131 

5.81 

ao.86 

52.41 

laos 

2.03 
4.60 

n.«2 

1.37 
8.36 


Extraction  analyses. 


Fuel. 

Brlqaete. 

Pitches. 

HI.  No. 
28B. 

Test  144. 

T«ts 
158, 159, 
and  160. 

Test  161. 

Laboratory  No 

3486 

3624 

3692 

3885 

3423 
6.20 

.23 

4144 

4150 

4121 

A  ir-dry tng  loss . . . , .  per  nent  -  - 

2.90 

Extract  by  C8,  (as  received) 
percent 

87.57 

99.60 

69.71 

95.20 

7.64 

8.67 
12,094 

5.12 

7.02 
12,161 

5.79 

Pitch  In  briquet  by  analysta, 
percent 

6.77 

Heat  value B.t.u.. 

16,407 

16,193 

16,103 

16,870 

11,329 

12,092 
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ILLINOIS  NOS.  29A  AND  29B. 

Bituminous  screenings  through  a  2-inch  shaking  screen  from  bed 
No.  5  at  Livingston,  Madison  County,  were  designated  Illinois  No.  29A, 
and  briquetting  tests  170  and  171  were  made  of  a  washed  part  of 
the  sample.     Steaming  test  465  was  made  of  the  briquetted  fuel. 

Run-of*mine  coal  from  the  same  location  was  designated  Illinois 
No.  29B,  and  briquetting  test  175  was  made  of  a  part  of  the  sample. 
Steaming  test  466  was  made  of  the  briquetted  fuel. 

Tests  170  and  171,  made  of  washed  screenings  with  7  per  cent  of 
binder  on  the  English  and  Renfrew  No.  1  machines,  respectively, 
furnished  satisfactory  briquets  in  each  case.  The  briquets  were  very 
hard  and  tough  and  broke  with  rough  fracture  and  hard  edges. 
Renfrow  briquets  were  well  molded  and  stood  handling  when  warm. 

Briquets  from  test  175. made  of  the  raw  run-of-mine  coal  were 
identical  with  those  made  of  the  washed  coal,  except  that  the  fracture 
was  rougher  and  harder,  as  the  fuel  did  not  crush  so  fine  in  grinding. 

Briquetting  tests. 


m.  No.  29A. 


Test  170.        Test  171. 


m.  No.  29B. 


Test  175. 


8iie  aa  shipped 

Size  as  used: 

Over  i  inch percent. 

A  inch  to  i  inch do . . . 

A  lnchtoA*°cl> do--- 

A  inch  to  A  inch do. . . 

Through  A  tach do. . . 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature 'F . 

Binder- 


Kind. 


Laboratory  No 

Amount per  cent. 

Weight  of  fuel  briquetted pounds. 

Average  weight  of  briquet do. . . 

Drop  test  (l-fnch  screen): 

Held percent. 

Passed do... 

TumUer  test  (1-inch  screen): 

Held do... 

Passed do. . . 

Fines  through  lO-mesh  sieve do. . . 

Weather  test: 

Time  exposed days. 

Condition 

Abeorption  test: 

Tune  immersed days . 

Water  absorbed per  cent. 

AT«*eforflnrt{|^>^::;:;:;:;;::::::::::::;:::::t:: 

Specific  grarlty  (apparent) 


(«) 
3.6 

8.e 

16.2 
20.8 
50.8 

English. 
203 

fW.O.P. 

IC  T.  P. 

f        4319 

L        4643 

67 

6.000 

3.84 

74.4 
25.6 

94.0 
6.0 
1.2 

56 
C 

19 
17.0 
5.15 


(•) 

3.6 

8.6 

16.2 

20.8 

50.8 

Renfrow  No.  1. 
131 

\         W.O.P. 

\  4543 

7 

24,000 

0.437 

47.0 
53.0 

75.0 
25.0 
87.3 

55 
B 

19 
21.5 
5.05 


1.053 


0.909 


3.2 

9.8 

16.4 

25.8 

44.8 

Renfrow  No.  1. 
131 

W.G.P. 
4543 

15,000 
0.465 


77.5 
22.5 
90.2 

53 
B 

19 

18.8 


2.42 
1.052 


•  Waahadt 

b  Equal  weights  of  the  two  pitches  were  used  and  the  calorlQc  value  was  determined  from  the  separate 
ealerlno  iralnfls  of  the  two  pitches. 
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PUEL-BBIQUBTTING  IKVBSTIGATIONS. 
Chemical  analyses  of  coal  and  briquets. 


Car 
sample, 
in.29A. 

Car 

3-Sfl'. 

Test  170. 

Test  171. 

Test  175. 

Laboratory  No 

3963 

13.10 
30.78 
40.12 
16.00 
4.17 

4.37 

02.44 

L02 

8.96 

3968 

12.47 
33.12 
41.85 
12.66 
4.37 

4.66 
65.31 

L14 
19.66 

4233 

1423 
34.63 
43.96 
7.18 
2.84 

4.78 
72.39 

LOS 
10.07 

4581 

12.29 
37.16 
43.99 
6.56 
3.56 

4.91 
72.23 

L07 
10.26 

4245 

Proximate: 

Moisture 

pc 

roent.. 
.do.... 
.do.... 
.do.... 
-do.... 

10.00 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

36.33 
43.01 
10.66 
3.24 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

do.... 

do.-.. 

do.... 

do.... 

4.82 

60.45 

L26 

0.03 

Extraction  analyses. 

Pitches. 

Fuel. 

Briquets. 

IU.No. 
29A. 

ni.No. 

29B. 

Test  170. 

Test  m. 

Test  175. 

Laboratory  No *. 

4319 

4643 

3963 

8.60 

.76 

3968 
7.30 
.92 

4233 

n.80 

5.83 

6.17 

11,254 

4581 
10.40 
6.77 
6.00 
11,671 

4245 

A  f  r-drying  loss         percent.. 

7.80 

Extract  by  CSt  (as  received) .  .do. . . . 

66.26 

99.66 

6.38 
5.53 

Heat  value B.t.u.. 

16,139 

16,909 

0,963 

10,667 

11,486 

ILLINOIS  NO.  30. 

Bituminous  nut  coal,  through  a  3-inch  and  over  a  2-inch  shaking 
screen,  from  bed  No.  7  at  Shiloh  Station,  St.  Clair  County,  on  the 
Southern  Railway,  was  used  in  briquetting  tests  225,  226,  and  228. 
Steaming  test  511  was  made  of  the  briquets. 

Briquets  from  all  three  tests  were  s&tisfactory  and  had  hard,  rough 
exteriors,  and  broke  with  rough,  uneven  fractures,  but  had  some- 
what crumbly  edges.  All  briquets  had  a  bluish  color  and  fracture, 
which  showed  an  excess  of  pitch.  The  Renfrow  briquets  showed  the 
results  of  insufficient  pressure.  No  analyses  were  made  of  the 
briquets  resulting  from  test  228. 
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BriqtieUing  tests. 
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Test  225. 


T«et226. 


Test  228. 


Sise  as  shipped 

Size  as  used: 

Over  i  Inch per  cent. 

<^  inch  to  ^ inch do... 

^  inch  to^  inch do... 

^ inch  to ^ inch do.*. 

Throogh  ^  Inch do. . . 

Details  of  mannfacture: 

Machine  used 

Brionetting  temperature 'F. 

Kind 

Laboratory  No. 

Amount percent. 

Weight  of: 

Fuel  hriquetted pounds . 

Briquets,  average do. . . 

Drop  test  (l-inch  screen): 

Meld percent. 

Passed do... 

Tumbler  test  (1-inch  screen): 

Held do... 

Passed do... 

Fines  through  lO-mesh  sieve do. . . 

Absorption  test: 

Time  immersed days. 

Water  absorbed percent. 

Average  for  first  4  days do . . . 

Spedfic  gravity  (apparent) 


(•) 

2.0 
7.0 
17.4 
20.8 
62.8 

English. 
185 

W.  G.  P. 

4806 

6 

6,000 
3.50 

80.2 
19.8 

76.9 
24.1 
82.6 

13 

8.6 

1.35 

1.087 


(«) 

2.0 
7.0 
17.4 
20.8 
52.8 

English. 
185 

W.  O.  P. 
4806 

7 

6.000 
3.45 

81.5 
18.5 

79.0 
21.0 
85.0 

13 

8.5 

1.98 

1.080 


(«) 

2.0 
7.0 

17.4 
20.8 
52.8 

Renfrew  No.  1. 
158 

W.  G.  P. 
4806 
8.5 

6,500 
0.468 

47.0 
53.0 

82.5 
17.5 
05.0 

23 
16.2 
2.10 
1.060 


o  Nut,  washed. 
Chemical  analyses  of  coal  and  briquets. 


Tests  2?5 
and  226. 


Laboratory  No 

Proximate: 

Moisture percent.. 

Volatile  matter do.... 

Fixed  carbon do — 

Ash do 

Sulttoir do.... 

Hydrogen do — 

Carbon do.... 

Nitrogen do — 

Oxygen do — 


4714 

9.75 
39.25 
42.69 
8.31 
3.21 

4.80 

71.70 

1.13 

9.60 


Extraction  analyses. 


Pitch. 


Fuel. 


111.  No. 
30B. 


Briquets. 


Tests  225 
and  226. 


Laboratory  No 

Air-drying  loss 

Extnictea  by  C^  (as  received). 
Pitcb  in  briquet' by  analysis... . 
Heat  value 


.per  cent. 
.:...do... 

do... 

...B.  t.u. 


4806 


96.90 
'i6,"864 


4364 

8.70 

.61 


10,099 


4714 
5.3 
6.18 
5.80 
11,977 
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FUEL-BBIQUETTING  INVESTIGATIONS. 


ILLINOIS  NO.  81. 

Bituminous  screenings,  over  a  IJ-inch  shaking  screen,  from  bed 
No.  6,  at  Worden,  St.  Clair  County,  on  the  Wabash  Railroad,  were 
designated  Illinois  No.  31,  and  a  part  of  this  sample  was  used  in 
briquetting  tests  185,  186,  224,  and  237.  Steaming  tests  489  and 
491  were  made  of  the  briquets. 

The  briquets  were  porous,  with  soft  surfaces,  rough  fracture,  and 
easUy  crumbled  edges.  English  briquets  were  handled  from  the 
machine  without  breaking.  Renfrow  briquets  were  not  satisfactory, 
owing  to  low  pressure.  This  coal,  although  dirty,  should  be  a  good 
briquetting  coal. 

Brtquetting  tests. 


Test  186. 


Test  186. 


Test  224. 


TeBt237. 


Size  as  shipj 
Size  as  used 

Over  i inch percent.. 

^incBtoiinch do 

i  inch  to  fj  inch do — 

j^  inch  to  ^  inch do 

Through  A  inch do 

Details  of  manulacture: 

Machine  used 

Briquetting  temperature,  "F 

Binaer— 

Kind 

Laboratory  No 

Amount per  cent.. 

Weiriit  of— 

Fuel  briquetted pounds , . 

Briquets,  averue do 

Drop  test  (1-inch  screen): 

Held per  cent. . 

Passed do 

Tumbler  test  (1-inch  screen): 

Held do.... 

Passed do 

Fines  through  10-mesh  sieve do 

Weather  test: 

Time  exposed days. . 

Cond  i  tion 

Absorption  test: 

Time  immersed da3rs.. 

Water  absorbed per  cent . . 

Average  for  first  4  days do 

Specific  gravity  (apparent) 


3.0 
8.5 
17.0 
24.0 
47.5 

Renfrow  No.  1. 
140 

W.O.P. 
4643 

7 

12,000 
0.400 

64.5 
35.5 

91.5 
8.5 
94.1 

11 
B 

19 
14.5 
2.70 
1.053 


3.0 

8.5 

17.0 

24.0 

47.5 

English. 
176 

W.O.P. 

4543 

7 

12,000 
3.77 

79.7 
20.3 

78.8 
21.2 
75.7 

10 
A 

10 

9.2 

1.60 

1.144 


(«) 

3.0 

8.5 

17.0 

24.0 

47.6 

English. 
149 

W.O.P. 

4683 

7 

11,000 
3.91 

24.2 
75.8 

43.3 
56.7 
65.0 


(«) 

3.0 
8.5 

17.0 
24.0 
47.5 

Renfrow  No.  1. 
149 

W.O.P. 
4806 

8 

10. 000 
0.442 

34.5 
65.5 

80.5 
19.3 
87.5 


13 

7.4 

1.67 

1.167 


13 

13.1 

1.98 

1.123 


a  Screenings. 
Chemical  analyses  of  coal  and  briquets. 


Car  sam- 
ple. 


Test  185. 


Test  186. 


Test  224. 


Test  237. 


Laboratory  No 

Proximate: 

Moisture percent.. 

Volatile  matter do 

Fixed  carbon do 

Ash do 

Sulphur do 

mUmate: 

Hydrogen do 

Carbon do 

Nitrogen do 

Oxygen do 


4376 

13.10 
32.16 
41.49 
13.25 
3.66 

4.58 

65.95 

1.19 

8.82 


4397 

10.81 
33.72 
42.74 
12.73 
3.50 

4.54 

67.31 

1.04 

8.92 


14.52 
33.74 
39.40 
12.34 
3.36 

4.68 

67.91 

1.12 

7.92 


4830 

9.17 
83.03 
43.90 
13.90 

3.90 

4.33 

66.14 

1.01 

8.03 


4S90 

6.  OS 
35.21 
«.85 
14.96 

3.78 

3.57 
50.48 

ass 

5.67 
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Fuel. 

Briquets. 

nvuuKS. 

111.  No.  31. 

Test  185. 

Test  186. 

Test  224. 

Test  237. 

Laboratoiy  No 

4543 

4683 

4806 

4376 
9.70 

.44 

4397 
8.00 

6.60 

6.11 
11,002 

4385 
11.10 

6.21 

5.86 
10,517 

4830 
4.70 

6.72 

7.08 
10,921 

4890 

Air-dryiiU!  loss. .  .Der  cent. . 

2.80 

Extract  by  CSs  (as  re- 
ceived)  per  cent. . 

Pitch  in  briquet  by  anca- 
y3ls per  cent. . 

99.66 

89.31 

96.90 

7.68 
7  41 

Heatrahie B.  t.u.. 

16,969 

16,637  1  16,864 

10,393 

11,158 

ILLINOIS  NO.  38. 

Bituminous-coal  screenings,  through  l^-inch  shaking  screen,  from 
bed  No.  7  at  Trenton,  Clinton  County,  on  the  Baltimore  &  Ohio  Rail- 
road, were  designated  Illinois  No.  33,  and  a  part  of  the  sample  was 
used  in  briquetting  tests  206,  207,  210,  and  235.  Steaming  test  513 
was  made  of  the  briquets. 

The  surfaces  of  all  briquets  were  soft,  their  fracture  ragged,  and 
their  edges  easily  broken.  Greater  percentages  of  binder  had  no 
apparent  effect  on  their  appearance.  Increased  moisture  content 
made  a  very  soft,  warm  briquet,  which  hardened  on  cooling  with  a 
harder  surface  than  those  with  less  moisture. 

Briquetting  tests. 


Size  as  shipped 

Size  as  used: 

Over  i  inch percent. 

■A  to  {inch do... 

^toV^inch do... 

A  to  A  inch do... 

Through  A  inch do... 

Detail;  of  manuiiocture: 

Ifachlne  used 

Brionettlng  temperature •  F . 

Kind 

LAbaratory  No 

Amount per  cent. 

Weight  of— 

Fael  briqnetted pounds. 

Briquets,  averaee do. . . 

Drop  test  (1-inch  screen): 

ueld per  cent. 

Passed do... 

Tumbler  test  (1-inch  screen): 

Held do... 

Passed do... 

Pines  through  lO-mesh  sieve do. . . 

Abeoiption  test: 

Time  immersed days. 

Water  absorbed per  cent. 

Average  for  first  4  days do... 

Specific  gravity  (apparent) 


Test  206. 


Screenings. 

2.0 
9.8 
20.4 
27.0 
34.8 

English. 
149 

W.  G.  P. 


8.000 
4.07 

50.0 
50.0 

55.6 
44.4 
66.6 

10 

7.6 

2.30 

1.291 


Test  207. 


Screenings. 

2.0 
9.8 
26.4 
27.0 
34.8 

English. 
149 

W.  G.  P. 

4683 

6 

7,000 
4.12 

61.8 
38.2 

60.3 
39.7 
72.1 

10 

9.4 

2.40 

1.280 


Test  210. 


2.0 
9.8 
26.4 
27.0 
34.8 

RenfnywNo.1. 
158 

W.  G.  P. 
4683 

7 

6,000 
0.474 

74.5 
25.5 

94.0 

6.0 

90.8 

10 
11.1 
2.98 
1.232 


Test  235. 


Screenings. 

2.0 

9.8 

26.4 

27.0 

84.8 

RenfrowNo.  1. 

167 

W.  O.  P. 

4806 

8 

15,000 
0.484 

34.5 
65.5 

89.5 
10.5 
94.7 

10 

6.5 

1.70 

1.298 
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PUEL-BBIQUETTING  INVESTIGATIONS, 
^     Chemical  analy9e»  of  coal  and  hriqueU. 


Mine 
sample. 

Tests  206 
and  207. 

Test  236. 

lAbomtoryNo -.               

4385 

16.05 
29.48 
46.81 
0.ft6 
1.06 

4728 

11.60 
25.44 
42.37 

20.  eo 

1.52 

3.72 

61.46 

1.02 

8.70 

4888 

Proximate: 

Moisture. 

Volatile  matter 

Fixed  carbon 

percent.. 

do.... 

do.... 

0.47 
28.26 
40.75 

Aah 

do.... 

21.63 

do.... 

1.56 

Ultimale: 

Hydrono 

do.... 

8.98 

Ctfbon 

do.... 

00.07 

Nitrogen 

do.... 

1.03 

OxTten .  X  - .    u  ^ X , 

do... 

9.47 

Extraction  analyses. 


Pitches. 


IU.No.33. 


Fuel. 


BriqnetB. 


Tests  206 
and  207. 


Test  235. 


Laboratory  No 

Aiiwlrylng  loss 

Extract  by  CSt  (as  received) . 
Pitch  in  briquet  by  analysis. . 
Heatyahie 


.percent. 

do... 

do... 

...B.t.u. 


89.31 


16,637 


4806 


06.90 


4.80 
.28 


10,726 


4728 
5.60 
4.0S 
5.23 
0,828 


3.90 

7.42 

7.40 

9,781 


INDIANA  NO.  1. 

A  sample  of  bituminous  run-of-mine  coal  from  Mildred,  Sullivan 
County,  on  the  Evansville  &  Terre  Haute  Railroad,  was  designated 
Indiana  No.  1,  and  a  part  of  the  sample  was  subjected  to  briquetting 
tests  at  the  St.  Louis  plant. 

Four  tons  of  this  coal  was  briquetted  in  the  English  press  with  7 
per  cent  of  pitch  D.  The  coal  was  first  washed  and  then  dried.  The 
briquets  were  brown  in  color,  readily  handled  as  they  came  from  the 
machine,  and  when  cold  stood  rough  handling.  The  average  weight 
of  the  briquets  was  6.8  pounds  each.  Eggettes  made  of  the  mixture 
on  the  American  machine  were  better  and  stronger  than  the  briquets. 

Chemical  analyus  of  coal  and  briqueti. 


Car 
sample. 

Briquets. 

Laboratory  No 

1507 

3.00 
11.40 
83.81 
41.30 
13.40 

2.60 

4.63 

68.11 

1.33 

7.90 

11,061 

1521 

Proximate: 

Aii'-dnringloBS. 

per  cent. . 

4.20 

Moisture. 

: ::. ;;;;:.:.;;.  ^S?. : ; 

11.74 

Vol(it.l|^  tnftt^. 

do.... 

38.70 

Fixed  carbon 

do.... 

43.23 

Ash ,. 

do.... 

6.M 

Soiphur 

do  ... 

2.  OB 

Ultimate: 

HydrogSQ 

do.... 

401 

Carbon. 

do.... 

75.77 

Nitrogen 

: do.... 

1.47 

dxyeen 

do.... 

8.4B 

Heatvii^. :.::::...;..:.:...:..:.::.:. 

B.  t-n. 

12,087 
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INDIANA  NO.  IB. 

Bituminous  screenings  (through  1-inch  screen)  from  Mildred,  Sulli- 
van County,  on  the  Evansville  &  Terre  Haute  Railroad,  were  desig- 
nated Indiana  No.  iB.  The  sample  was  used  in  briquetting  test  217. 
No  steaming  test  was  made  of  the  briquets. 

Briquets  made  with  8.5  per  cent  of  binder  on  the  Renfrow  No.  1 
machine  were  satisfactory  when  the  fuel  was  very  dry;  excess  of 
moisture  made  briquets  that  were  soft  when  warm  and  crumbled 
easily  when  cold.  The  briquets  had  a  porous,  dull  surface  and  a 
rough  fracture  with  ragged  edges,  but  were  tough  and  hard,  produc- 
log  only  a  small  amount  of  slack  in  handling  and  showing  no  evidence 
of  sticking  together  when  piled  warm.  Locomotive  and  house  boiler 
tests  were  made  of  briquets  from  test  217. 

Briquetting  test. 


Test  217. 


Test  217. 


Tnrou 


Siu  as  ship] 
Site  as  used 

Over  i  inch per  cent 

^  inch  to  }  inch do. . 

t  inch  to  ^  inch do. . 

r  inch  to ^  inch do.. 

brought  ^^^ do.. 

Details  of  manufacture: 

Machinft  used 

Briquatting  temperature. .  *F 
Binder— 

Kind 

Laboratory  No 

Amount per  cent 

We^tof- 

Fuel  briquetted. .  pounds 
Briquets,  average. .  .do . . 


Screenings. 

5.0 
12.4 
22.4 
23.4 
36.8 

Renfrow  No.  1. 
141 

W.  O.  P. 
4683 
8.5 

88,000 
0.485 


Drop  test  (1-inch  screen): 

Held percent. 

Passed do... 

Tumbler  test  (1-inch  screen): 

Held do... 

Passed do... 

Fines  through  10-mesh  sieve, 

percent 

Absoiption  test: 

Tune  immersed days. 

Water  absorbed per  cent . 

Average  for  first  4  day.s .  .do. . . 
Specific  gravity  (apparent) 


54.6 
46.5 

86.5 
13.5 

96.0 

22 

14 

1.92 

1.114 


Chemical  analyses  of  coal  and  briquets. 


Car 
sample. 

Test  217. 

liaboratoty  No 

4500 

16.83 
29.08 
39.20 
16.89 
2.64 

4680 

Proximate: 

Moisture 

percent.. 

8.29 

Vnl^tfl^  mik%t^, . . 

.do    .. 

30.66 

Fixed  carbon ... 

do.... 

47.01 

A.<fh 

...  do.... 

14.16 

Sulphur 

do.... 

2.38 

Xntimaie: 

Htdrosen 

do 

4.43 

Ctfbon 

do.... 

68.76 

Nitrogen 

do.... 

1.19 

Oxygen 

do 

7.59 
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PUEL-BBIQUBTTING  INVESTIGATIONS. 
Extraction  analyses. 


Pitch. 


Fuel. 


Ind. 
No.  IB. 


Briquets. 


Test  217. 


Laboratory  No 

Air-drying  loss 

Extracted  by  C8s  (as  received). 
Pitch  in  briquet,  by  analysis. . . 
Heat  value 


.percent. 

do... 

do... 

...B.t.u. 


sasi 


4500 

13.90 

.60 


16,637 


9,866 


4660 
3.60 
7.08 
7.21 
11,444 


INDIANA  NO.  2. 

A  sample  of  bituminous  run-of-mine  coal  from  Boonville,  Warrick 
County,  on  the  Southern  Railway,  was  designated  Indiana  No.  2  and 
a  part  of  the  sample  was  subjected  to  a  briquetting  test. 

One  ton  of  this  coal  was  briquetted  with  7  per  cent  of  pitch  H,  the 
briquets  being  satisfactory  in  every  way.  They  were  brown  in  color 
and  resembled  those  made  of  Indiana  No.  1  coal,  but  were  much 
stronger,  by  reason  of  the  better  quality  of  pitch.  They  weighed  on 
the  average  6.42  pounds  each.     No  analysis  of  the  briquets  was  made. 

Chemical  analysis. 


Laboratory  No 

Proximate: 

Alr-drytng  loss per  cent. . 

Moisture do — 

Volatile  matter do — 

Fixed  carbon do — 

Ash do — 

Sulphur do — 


Car 
sample. 


1405 

3.60 
9.62 
36.14 
41.22 
13.02 
4.43 


Ultimate: 

Hydrogen per  cent. 

Carbon do. . . 

Nitrogen do. . . 

Oxygen do. . . 

Heat  value B.  t.  u. 


Car 
sample. 


4.71 

67.16 

L33 

7.49 

11,122 


INDIANA  NO.  6B. 

A  sample  of  bituminous  screenings  (through  IJ-inch  bar  screen) 
from  Hymera,  Sulhvan  County,  on  the  Evansville  &  Terre  Haute 
Railroad,  was  designated  Indiana  No.  5B  and  was  used  in  briquetting 
tests  229  and  230. 

The  briquets  made  were  identical  in  characteristics  with  those  made 
from  Indiana  No.  IB  and  Indiana  No.  6B  coal. 

Locomotive  and  house-boiler  tests  were  made  of  the  briquets  from 
test  230,  but  locomotive  steaming  tests  only  were  made  of  the 
briquets  from  test  229. 
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Test  229. 


Test  230. 


Sin  as  shipped 

Siie  m  used: 

Over  i  inch percent, 

•f^iDcb  to  i  inch do... 

A  Inch  to  t^  inch do . . . 

X inch  to ^  inch do... 

Through  ^  inch do. . . 

Details  of  manu(ar«ture: 

Machine  used 

Briquetting  temperetuxe "F . 

Binoer— 

Kind 

Laboratory  No 

Amount per  cent, 

Weteht  of— 

Fuel  briquetted pounds. 

Briquets,  average do. . . 

Drop  test  (l-inch  screen): 

Held percent. 

Passed do... 

Tumbler  test  (l-inch  screen): 

Held .....do.. 

Passed do.., 

Fines  through  10-mesh  sieve do. . , 

Absorption  test: 

Tmie  immersed days 

W  a  ter  absorbed per  cen  t 

Average  for  first  4  days do. . 

Speeiflc  gravity  (apparent) 


LO 
5.6 
ll.« 
20.4 
61.2 

English. 
176 

W.  O.  P. 

4806 

7 

24,000 
3.69 

81.6 
18.4 

79.3 
20.7 
72.6 

13 

7.4 

1.2 

1.078 


Screenings. 

1.0 
5.6 
11.8 
20.4 
61.2 

Renfrow  No.  1. 
140 

W.  Q.  P. 

4806 
9 

30,000 
0.424 

50.0 
50.0 

81.5 
18.5 
92.3 

23 

13.8 

1.86 

1.097 


Chemical  analyses  of  coal  and  briquets. 


Car 
sample. 

Test  229. 

Test  230. 

T^LhoratorvNo 

4708 

13.48 
31.94 
42.97 
11.61 
4.08 

4.65 

67.30 

1.09 

8.82 

4822 

7.27 
37.73 
44.37 
10.63 

4.29 

4.49 

68.47 

1.13 

9.80 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon 

Knh                       

percent.. 

do.... 

do.... 

do.... 

6.34 
37.53 
44.74 
11.39 

Sulphur 

do.... 

4.76 

Ultimate: 

do.... 

4.62 

Carbon     

do.... 

68.06 

Nitrogen 

do.... 

1.10 

do  .. 

8.96 

Extraction  analyses. 


Pitch. 


Fuel. 


Ind.  No. 
5B. 


Briquets. 


Test  229.    Test  230. 


Laboratory  No 

Air-dryfng  loss 

Extracted  by  CSt  (as  received ) . 

Pitch  in  briquet  by  analysis 

Heat  value 


.percent. 

do... 

do... 

...B.t.u. 


4806 
' '96*90 
"  16,' 864 


4708 
10.00 


4822 


10,822 


6.87 

5.82 

11,945 


8.50 

7.52 

12,046 


INDIANA  NO.  6B. 


Bituminous  screenings,  through  1  J-inch  bar  screen,  from  vein  No.  4 
at  Hymera,  Sullivan  County,  on  the  Evansville  &  Torre  Haute  Rail- 
road, were  designated  Indiana  No.  6B,  and  were  used  in  briquetting 
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tests  220  and  227.  A  locomotiye  steaming  test  was  made  of  briquets 
from  test  220  and  a  house-boiler  steaming  test  of  briquets  from 
test  227. 

Renfrow  briquets  were  similar  to  those  made  from  Indiana  No.  IB 
coal.  Seven  per  cent  binder  gave  satisfactory  English  briquets  when 
the  coal  was  thoroughly  dried;  otherwise  the  briquets  were  soft  and 
easily  broken  when  cold.  When  warm,  the  briquets  were  soft  and 
spongy,  although  cohesive  enough  to  be  handled  without  breaking. 
When  cold,  they  became  tough,  with  porous  surfaces,  rough  frac- 
tures, and  ragged  edges. 

Briquetting  tests. 


Size  as  shipped 

Size  as  used: 

Over  ^  inch percent 

^  i  ncn  to  J  inch do . . 

A  inch  to  ^  inch do.. 

A  inch  to  Vfr  inch do . . 

Through  ^  toch ^ do . . 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature "F 

Kind 

Laboratory  No 

Amount per  cent 

Weiriitof— 

Fuel  briquetted pounds , 

Briquets,  average do.., 

Drop  test  (1-inch  screezi): 

Held percent 

Passed do.. 

Tmnbler  test  (1-inofa  screen): 

Held do.. 

Passed do.. 

Fines  through  10-mesh  sieve do. . 

Absorption  test: 

Tfine  immersed days 

Water  absorbed per  cent 

A  verage  for  first  4  days do . . 

Specific  gravity  (apparent) 


Test  220. 


Screenings. 

ScreeotngL 

1.2 
5.6 
10.2 
20.4 
62.6 

1.2 
5.6 
10.2 
20.4 
62.6 

Renitow  No.  1. 
140 

English. 
168 

W.  G.  P. 
4806 

8.5 

W.  G.  P. 
4806 

7 

64,000 
0.484 

8,000 
3.84 

68.5 
41.5 

88.7 
16.3 

84.0 
16.0 
00.0 

81.2 
18.8 
78.8 

13 
12.5 
2.04 
1.063 

13 

6.7 

1.06 

1.156 

Test  227. 


Chemical  analyses  of  coal  and  briquets. 


Rawfuel 


Test  220. 


Teet227. 


Laboratory  No 

'Proximate: 

Moisture 

VolAtile  matter. 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen. 

Oxygen. 


.per  cent. 

do... 

do... 

do... 


.do., 
.do., 
.do., 
.do.. 


46M 

11.48 
35.63 
4a  63 
12.26 
5.08 

4.7D 

66.06 

1.13 

7.53 


5.84 
3&08 
44.22 
11.86 

4.49 

5.04 

70.61 

1.14 

5.86 


4872 

6.72 
37.83 
43.16 
13.20 

4.87 

4.76 

66^48 

L07 

&42 
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Pitch. 


Fuel. 


Ind.  No. 
6B. 


Briquets. 


Test  220. 


Test  227. 


Laboratory  No 

Afr-drjiDg  loss 

Extract  hj  C8s  (as  reosivMl). . 
Pltdi  in  briquet  by  analsrsis . . 
Heat^alue. 


.percent. 

do... 

....B.t.u. 


48M 


06.00 
id,' 804 


4<KM 

7.00 
.76 


10,987 


4836 

3.30 

8.10 

7.64 

12,132 


4872 
2.70 
7.47 
6.90 
11,830 


INDIANA  NO.  19. 

Bituminous  screenings,  through  1^-inch  stationary  bar  screen, 
from  the  Brazil  Block  top  bed  at  Diamond,  Parke  County,  on  the 
Chicago  &  Eastern  Illinois  Railroad,  were  designated  Indiana  No.  19 
and  were  used  in  briquetting  test  165.  Steaming  test  464  was  made 
of  the  briquets;  a  locomotive  steaming  test  was  also  made  of  them. 

The  briquets  made  of  the  dry  coal  with  8  per  cent  of  binder  were 
hard,  with  firm  surfaces  and  very  rough  fracture.  With  moist  coal, 
satisfactory  briquets  were  made  regardless  of  the  percentage  of 
binder  used.  These  briquets  had  a  duU-gray  color,  due  to  the  presence 
of  a  large  quantity  of  clay. 

Briquetting  test. 


Test  165. 


Test  165. 


Sise  as  shipped 

Sseasosea: 

Over  i  inch per  cent . 

•^faichto^inch do... 

Alnchto^inch do... 

A  inch  to ^  inch do... 

Tbroagh  A  inoli do... 

Details  of  manulaoture: 

Machine  used 

Briquetting  temperature.  *  F . 

^nd 

Laboratory  Naa 

Amount percent, 

Wd^tof- 

Fuel  briquetted.. pounds. 
Briquets,  average. .  .do. . . 


Screenings. 

3.6 
12.4 
20.0 
24.0 
40.0 

BenfrowNo.  1. 
181 

W.O.P. 

f  3962 

[  4120 

8 

80,000 
0.562 


Drop  test  (1-inch  screen): 

Held percent. 

Passed do. . . 

Tumbler  test  (1-inch  screen): 

Held do... 

Passed do... 

Fines  through  lO^mesh  sieve, 

percent 

Weather  test: 

Time  exposed days . , 

Condition 

Absorption  test: 

Time  immersed days . 

Water  absorbed per  cent. . 

Average  for  first  4  days,  per 

cent 

Specific  gravity  (apparent) 


64.0 
86.0 


89.0 
11.0 


01.5 


06 
C 


16 
12.6 


1.90 
1.211 


•  Binder  contained  6  parts  No.  4120  and  1  part  Na  3962. 
Chemicfd  analyses  of  coal  and  briquets. 


Rawfuel. 

Test  165. 

TAhoratory  No. 

3979 

10.91 
26.86 
38.87 
17.37 
1.89 

4.83 

68.76 

L22 

7.63 

4315 

Proximate: 

Moistuie. 

per  cent. . 

4.89 

Volatfle  matter 

do 

30.63 

Fixed  carbon 

do.... 

44.00 

Ash 

do... 

20.58 

Rntpbnr    .                                                                    do 

3.36 

UlttaK: 

HTdnam. 

do.... 

4.18 

Cnrbon 

do.... 

61.71 

Nitrogen. 

do.... 

1.00 

OxTMn....    . 

- do.  .. 

7.04 
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Pltdies. 


Fuel. 


Ind.  No. 
19. 


Briquets.       I 


Test  165. 


Laboratory  No 

Air-drying  loss. per  cent. 

Extract  by  CBs  (as  received) do. . . 

Pitch  in  briquet  by  analysis do. . . 

Heat  value B.  t.u. 


3962 


77.79 
'i6,'946 


4120 


97.70 
'i6,'946 


3079 
13.10 
1.13 


9,524 


4315 
5.40 
7.39 
&90 
10,640 


INDIANA  NO.  20. 

Bituminous  screenings,  through  a  IJ-inch  bar  screen,  from  the 
Brazil  Block  bottom  bed  at  Brazil,  Clay  County,  on  the  Chicago  & 
Eastern  Illinois  Railroad,  were  designated  Indiana  No.  20,  and  a  part 
of  the  washed  sample  was  used  in  briquetting  test  169.  A  locomotive 
steaming  test  was  made  of  the  briquets. 

The  surfaces  of  briquets  with  7  per  cent  of  binder  became  soft 
and  easily  abraded  as  the  briquets  cooled.  The  briquets  were  easily 
transported  from  the  press,  but  produced  a  high  percentage  of  slack 
when  handled  afterwards.  Their  fracture  was  rough  and  their  color 
brighter  than  in  briquets  from  unwashed  fuel. 

Briquetting  test. 


Test  160. 

Test  160. 

Size  as  shipped 

Screenings. 

0.0 
3.0 
16.2 
26.6 
54.2 

131 

W.  G.  P. 

4318,4543 

7 

30,000 
0.427 

Drop  test  (1-inch  screen): 

Held percent.. 

Passed do.... 

Tumbler  test  (1-inch  screen): 

Held percent.. 

Passed do.... 

Fines  through  10-mesh  sieve, 
per  cent. 

Siseasused: 

Over  ^  inch percent.. 

A  inch  to  i  Inch do. . . . 

^  Inch  to  V»  inch do ... . 

A  inch  to  A  Incli do-- 

Through  A  inch .'. do ... . 

DetAils  of  manufacture* 

39.0 
61.0 

71.0 
29.0 

83.8 

Machine  used 

Weather  test: 

Time  exposed days.. 

Condition  

Briquetting  temperature. .  •  F. . 

4H 

B 

Kind 

Abeoiption  test: 

Tune  immersed days. . 

Water  absorlMd per  cent. . 

Average  for  first  4  days.  .do. . . . 
Speniflc  gravity  (apparent) 

Laboratory  No 

19 

Amount per  cent. . 

Welriitof- 

Fuel  briquetted.. pounds. . 
Briquets,  average. .  .do. . . . 

28.5 

4.0 

0.903 

Chemical  analyses  of  coal  and  briquets. 

Raw  fuel. 

T«t  169. 

Laboratory  No 

3079 

16.91 
26.86 
38.87 
17.37 
1.89 

4.33 

63.75 

L22 

7.53 

4627 

Proximate: 

Moisture 

percent.. 

9.67 

VnlatilA  mAttftr 

do 

35.75 

Fixed  carbon  

do.... 

47.65 

Ash 

do.... 

6.93 

Sulphur 

do.... 

1.40 

Ultimate: 

HvdroKen 

do.... 

5.06 

Carbon 

do.... 

75wl4 

Nitroeen 

.:: do.... 

L25 

Oxygen 

do.... 

9.33 
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Pttchfls. 


FueL 


Ind. 
No.  20. 


Briquets. 


Test  109. 


Lalxiratory  No 

Av-dryliic  loss , 

Ejcfractea  by  CSt  (as  received).. 
Pitch  tn  briquet,  by  analysis . . . 
Heat  value 


.perooLt. 
..VT.do... 

do... 

...B.t.u. 


4318 


90.42 


4543 


99.66 
"i6,'8ii 


3979 
13.10 


9,524 


4627 
7.90 
8.40 
8.39 
12,391 


INDIAN  TBBBITOBY  NO.  2. 

A  sample  of  bituminous  run-of-mine  coal  from  Hartahome,  Pitte- 
buxg  County,  Okla.  (Indian  Territory  on  the  date  test  was  made), 
on  the  Rock  Island  system,  was  designated  Indian  Territory  No.  2, 
and  a  pait  of  the  sample  was  subjected  to  biiquetting  tests. 

This  coal  was  tested  with  the  hard  pitch  X.  With  8.5  per  cent  of 
pitch  the  briquets  were  not  strong  and  crumbled  readily.  With 
12  per  cent  of  pitch  the  briquets  were  not  much  better,  and  with  13.4 
per  cent  they  looked  well  as  they  came  from  the  press  but  were  not 
strong  and  began  to  lose  their  comers  soon  after  being  exposed  to 
the  weather.  Judging  from  the  runs  made,  this  coal  will  require 
more  than  the  usual  pressure.  The  briquets  containing  8.5  per  cent 
of  pitch  weighed  only  5.08  poimds  each.  Those  with  13.4  per  cent 
of  pitch  weighed  6.15  pounds  each. 

Chemical  analysis. 


Car 
sample. 


Oar 
sample. 


Labontory  No 

Proximate: 

Air-drying  loss per  cent. 

Moisture do... 

Volatile  matter do. . . 

Fixed  carbon do. . . 

Ash do... 

Sulphur do . . . 


1184 

2.80 

4.45 

36.15 

48.40 

11.00 

1.52 


Ultimate: 

Hydrogen do... 

Carbon do... 

Nitrogen do... 

Oxygen do... 

Heat  value B.  t.  u. 


4.90 

72.78 

1.75 

7.52 

12,607 


INDIAN  TBBBITOBY  NOS.  2B  AND  2C. 

Bituminous  slack  screenings,  through  a  |-inch  shaking  screen, 
from  the  Hartshome  bed  at  Hartshome,  on  the  Rock  Island  Rail- 
road, were  designated  Indian  Territory  No.  2B,  and  a  part  of  this 
sample  was  used  in  briquetting  tests  135,  136,  137,  138,  139,  145, 
146,  147,  148,  149,  157,  and  168.  Steaming  tests  453  and  456  were 
made  of  the  briquets  from  briquetting  tests  137,  148,  and  157, 
Locomotive  steaming  tests  were  also  made  of  briquets  from  briquet- 
ting t^ts  148  and  149.  House-boiler  steaming  tests  were  made  of 
briquets  from  tests  148  and  157. 

92012*— Bull.  58—13 12 
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Bituminous  lump  coal,  over  1-inch  shaking  screen,  from  the  same 
locality  as  Indian  l^erritory  No.  2B  coal,  was  designated  Indian 
Teirrtoiy  No.  2C,  and  a  part  of  the  sample  was  used  in  briquetting 
tests  153,  154,  155,  and  156.  No  steaming  tests  or  locomotive  or 
house-boiler  tests  were  made  of  briquets  from  this  sample. 

In  tests  135,  136,  137,  145,  146,  147,  148,  and  168,  with  Indian 
Territory  No.  2B  raw  slack  coal,  there  was  no  apparent  difference  in 
English  briquets  with  6,  7,  and  8  per  cent  of  binder.  A  small  lot  with 
5  per  cent  of  binder  showed  shortage  of  pitch.  The  pressure  on  the 
machine  was  changed  during  the  making  of  Renfrow  briquets,  as 
indicated  in  the  results  of  the  tests.  All  briquets  were  satisfactory, 
having  sharp  edges,  hard  surfaces,  and  clean,  rough  fracture;  they 
could  be  handled  while  warm  from  the  machine  and  could  be  piled 
5  feet  high  without  sticking  together  or  crushing. 

Briquetting  tests  of  Indian  Territory  No.  2B  coal.^ 


Tost  No. 


135. 


136. 


137. 


145. 


146. 


147. 


148. 


168. 


Details  of  manufac- 
ture: 
Machine  used.. 

Briquetting  tem- 
perature(*F.). 
Bmder— 

Kind 

Laboratory 

No 

Amount, 
percent... 
Weirfitof- 
F  u  e  1     bri- 

a netted,  lbs 
quets,  av- 
erage, .lbs.. 
Drop  test  (1-inch 
screen): 
Held. .  .per  cent. . 

Passed do 

Tumbler  test  (1-Inch 
screen}: 
Held... per  cent.. 

Passed do 

Fines  through  10- 
mesh  sieve,  per 

cent 

Weathering  test: 
Time     exposed, 

days 

Condition 

Absorption  test: 
Tune  immersed, 

days 

Water  absorbed, 

percent 

Average  for  first 
13    days,    per 

cent 

Average  for  first  6 
days,  per  cent.. 
Specific  gravity  (ap- 
kt) 


English. 

185 

W.G.P. 

3268 

6 

11,000 
8.46 


English. 

185 

W.G.P. 

3258 

7 

22,000 
3.88 


English. 

185 

W.G.P. 

3296 

8 

70,000 
3.77 


74.8 
25.2 


76.0 


239 
C 


English. 

185 

W.G.P. 

3486 

6 

16,000 
3.53 


81.7 
18.3 


73.3 
26.7 


86.5 


145 
B 


16 
8.6 

1.62 


185 
W.G.P. 


16,000 
3.64 


82.8 
17.2 


79.8 
20.2 


85.6 


145 
A 


16 
10.2 


.72 


English. 

185 
W.G.P. 


16,000 
3.43 


84.2 

15.8 


80.8 
19.2 


75.5 


145 
A 


16 
11.4 

.84 


Renfrow 
No.  1. 

140 

W.G.P. 

3486 

8 

19,400 
0.515 


68.5 
41.5 


81.0 
19.0 


95.  A 


Renfrow 

No.  I. 


149 
W.G.P. 


99,000 
0.506 


144 
B 


16 
12.0 


239 

n 


parent) 


1.151 


1.133 


1.076 


1.7 
1.117 


•  Raw  slack. 
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As  stated  above,  tests  138,  139,  149,  and  157  were  made  with 
Indian  Territory  No.  2B  washed  slack  coal,  and  tests  153,  154, 
155,  and  156  with  Indian  Territory  No.  2C  lump  coal.  Tests  138 
and  139  were  made  with  the  first  sample  sent  to  the  plant  and  tests 
149  and  157  with  the  second  sample.  Excellent  briquets  were  made 
with  8  per  cent  of  binder.  The  English  briquets  showed  the  advantage 
of  higher  pressure  by  being  harder  and  closer  grained  and  having 
smoother  surfaces  and  sharper  edges.  Similar  differences  marked  the 
superiority  of  these  briquets  over  those  made  from  the  same  slack 
unwashed. 

The  briquets  made  from  the  lump  coal  (Indian  Territory  No.  2B) 
may  be  considered  as  standing  in  value  between  those  made  from 
washed  and  those  made  from  unwashed  slack  from  the  same  mine; 
they  are  identical  in  appearance. 

Enqueuing  tests  wUh  Indian  Territory  No.  2B^  and  Indian  Territory  No.  SC^coal, 


Test  No. 


138. 


139. 


149. 


167. 


ISL 


16L 


155. 


156. 


Details  of  mannffto- 
tare: 
Maohlneused 

Briqnetttaig  tarn- 

Kind. 

Labontory 
No 

▲  mount, 
peroent.... 
WeUitof- 

Pu  e  I  bri- 
qu6tted.lb8 

Bnquets,  av- 
erage, lbs.. 
Drop  test  (l-lnoh 


Held...peroent.. 

Passed. do 

Tumbler  test  (1-inoh 
acieeA}: 
Held... per  cent.. 
Passed  (fines), 

peroent 

Fmesthrotij^  10- 
mesh  sieve,  per 

cent 

inreatherlng  test: 
Time  exposed, 


days . 
Condition. 


Absorption  test: 
Tnne  immersed, 

days 

Water  absorbed, 

percent 

Average  for  first  5 

days,  per  cent.. 
Averace  for  first 

12    aaysy    per 

cent 

SpMSlflo  gravity  (ap- 


Engllsh. 

186 

W.O.P. 

3624 

8 

16,000 
3.31 


88.9 
11.1 


85.0 
16.0 

79.5 


ipMSiflo  grav 

parent). . ., 


128 
B 


19 
9.6 
1.20 


Renfirow 
No.  1. 

149 

W.  O.  P. 

3296 

8 

20,000 
0.461 


60.0 
40.0 


79.0 
21.0 

90.6 


127 
C 


19 
14.7 
2.0 


Renfrow 
No.  1. 


149 
W.O.P. 


40,000 
0.476 


66.0 
44.0 


76.0 
24.0 

93.7 


149 
B 


19 
16.0 
2.26 


English. 

185 

W.O.P. 

3624 

8 

8,000 
3.34 


85.6 
14.5 


82.6 
17.5 

78.1 


1.097 


1.061 


128 
A 


19 
10.3 
1.06 


1.006 


English. 

185 

W.G.P. 

3486 

6 

1|000 
3.11 


79.8 
20.2 


71.0 
29.0 

82.3 


239 
C 


19 
12.6 


0.93 
1.070 


English. 

185 

W.O.P. 

3486 

7 

liOOO 
3.19 


84.6 
16.4 


76.6 
23.4 

80.6 


19 
11.1 
1.34 


English. 

185 

W.G.P. 

3486 

8 

1,000 
3.14 


86.4 
13.6 


83.6 
16.5 

78.4 


15 
10.2 
1.67 


1.084 


1.088 


Renfh>w 
No.  1. 

149 

W.  G.  P. 

3486 

8 

8,000 
0.490 


70.0 
30.0 


81.5 
18.5 

90.9 


182 
B 


19 
13.5 
1.84 


1.077 


«  Washed  slack. 


b  Lamp. 


Digitized  by  LjOOQIC 


170 


FU£L*BBIQU£TILNQ  IKVE8XIGAII0KS. 
ChemiaU  anabfses  ofrawfu$l  tmd  briqiuts. 


Raw 
fuel. 


lUw 
fort. 


T«tsl35 
and  136. 


Test  107. 


and  157. 


LaboratoTy  No 

Proximate: 

Moisture pvoent 

Volatile  matter do. . 

Fixed  carbon do 

Ash do.. 

Sulphur do.. 

Ultimate: 

Hydrogen do.. 

Carbon do . . 

Nitrogen do.. 

Oxygen do . . 


3381 

3.77 
32.66 
51.15 
12.43 

1.7» 

4.77 

72.37 

1.77 

6.31 


3472 

5.60 
32.45 
48.76 
13.10 

1.67 

4.53 

72.06 

1.80 

5.96 


8.61 
33.03 
40.64 
13.72 

1.76 

4.65 

71.06 
1.46 
6.75 


3.85 
34.06 
40.36 
12.73 

i.n 

4.54 

73.17 
1.61 
5.66 


2.85 

34.91 

54.03 

8.21 

LfiO 

4.87 

78.28 

1.71 

7.15 


Tat  139. 


Tests  14S, 

146,  and 

147. 


Test  148. 


Test  149. 


Test  108. 


Laboeatory  No 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 


•per 


cent, 
do... 
do... 
do... 


.do., 
.do., 
.do., 
.do.. 


3896 

2.80 

35.67 

63.77 

7.76 

1.58 

4.91 

75.63 
1.52 
8.33 


3520 

2.87 
36.02 
50.60 
11.51 

1.72 

4.48 

73.39 

1.49 

7.02 


4086 

3.29 

35.25 

53.15 

8.31 

1.52 

4.93 
76.11 
1.69 
7.11 


3550 

2.13 

36.97 

54.14 

6.76 

1.47 

5.04 

77.08 

1.78 

6.79 


3343 

3.85 

34.06 
49.36 
12.73 
1.71 

4.54 

73.1" 

1.61 

5.66 


Extraction  analyne^. 


Fuels. 

Briqneto. 

Ind.T. 
No.  2B. 

Ind.T. 
N0.2C. 

Tests  135 
and  136. 

Test  137. 

Tests  138 
and  157. 

Tsatiao. 

Tests  145, 

146,  and 

147. 

Laboratory  No 

3381 
1.60 

.32 

3472 
3.80 

.41 

3262 
1.50 

4.72 

5.50 
14,317 

3342 

4108 
0.90 

6.04 

6.82 
13,562 

1.20 

7.58 

8.75 
18,541 

3530 

Ahxiryinff  loss per  cent. . 

Extracted  by  CSaCas  received), 
percent 

1.00 

6.32 

7.82 
12.481 

8.78 

Pitch  in  briquet  by  analysis, 
percent. 

10.19 

Heat  value. B.t.u.. 

12,400 

12,033 

12,811 

Pitches. 

Brlqiaau. 

. 

Test  148. 

TQBtl49. 

Test  168. 

Laboratorv  No  .        

3624 

3296 

3486 

3258 

4086 
1.30 

6.00 

6.57 
13,412 

3559 
0.50 

6.40 

6.S 

13,707 

3343 

Air-drvinir  Ion             ner  cent 

Extracted  by  CS|  (as  received), 
percent 

89.60 

82.43 

85.57 

80.27 

&84 

Pitch  in  briquet  by  analysis, 
nercent.                            ... 

10.40 

Heat  value B.  t.  u. . 

16,193 

16,427 

16,407 

16,373 

12,481 

INDIAN  TBBBITOBY  NO.  3. 

A  sample  of  bituminous  nm-of-mine  coal  from  Edwards,  Ind.  T. 
(now  Oklahoma),  on  the  Rock  Island  Railroad,  was  designated 
Indian  Territory  No.  3,  and  a  part  of  the  sample  was  subjected  U) 
briquettii^  tests  at  the  St.  Louis  plant. 
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This  coaly  which  is  hard  and  glossy,  was  tested  on  the  Engli^ 
machine  with  8  per  cent  of  pitch  A.  The  mixture  made  fairly  good 
briquets,  which  were  clean  and  hard,  although  sraoiewhat  porous; 
but  they  were  not  so  strong  as  was  desired.  This  defect  was  due  in 
part  to  lack  of  sufficient  heat  to  soften  the  pitch  thoroughly  in  the 
pug  mill.  The  briquets  as  received  from  the  machine  weighed  6.56 
pounds  each.  With  7.2  per  cent  of  pitch  A,  this  coal  made  smooth 
and  fairly  hard  briquets,  which  weighed  6.71  pounds  each.  With 
6  per  cent  of  pitch  A,  briquets  were  made  that  w^e  smooth  and  well 
pressed,  but  soft.  These  averaged  ia  weight  6.8  pounds  each.  If  the 
pitch  could  have  been  heated  in  the  English  machine  to  a  tempera- 
ture sufficiently  high  to  cause  it  to  soften  and  mix  with  the  coal  the 
mixture  would  undoubtedly  have  made  a  good  briquet,  because  with 
a  soft  pitch,  as  pitch  D  or  pitch  H,  this  coal  could  be  briquetted  with 
6  per  cent  of  binder. 

CJiemical  OTuilyais. 


Ctt 
sample. 


Oar 
sample. 


Laboratory  No 

PirozimatK 

Air-drying  kstt percent. 

Hoistoxe. do. . . 

Volatile  maner d6.... 

Fixed  carbon do 

Ash do.... 

Salphnr do — 


1374 

1.20 
4.61 
87.00 
47.25 
11.14 
3.63 


Ultimate: 

Hydrog«B per  cent. 

Carbon do... 

Nitrogen do. . . 

Oxygen do. . . 

Heat  value B.  t.u. 


4.62 

70.62 

1.55 

7.72 

13,319 


INDIAN  lEBBITORY  NO.  6. 

A  sample  of  bituminous  slack  coal  from  Coalgate,  Ind.  T.  (now  Okla- 
homa), on  the  Missouri,  Kansas  &  Texas  Railway,  was  designated 
Indian  Territory  No.  6,  and  a  part  of  the  sample  was  subjected  to 
briquetting  tests  at  the  St.  Louis  plant. 

The  sample  consisted  of  a  carload  of  dirty  slack  which  contained 
considerable  fire  clay  and  some  shale.  Laboratory  experiments  had 
shown  that  7  per  cent  of  a  binder  of  the  quaUty  of  pitch  D  was  the 
minimum  that  could  be  expected  to  give  satisfactory  results.  Accord- 
ingly, 1  ton  of  this  coal  was  mixed  by  hand  with  7  per  cent  of  pitch 
D,  but  the  briquets  were  crumbly  and  not  at  all  satisfactory,  although 
dense  and  well  pressed.  They  weighed  7.35  pounds  each.  They 
were  full  of  gray  streaks  on  the  surface,  due  to  the  fire  clay,  and  on 
standing  became  coated  with  a  heavy  gray  efflorescent  substance 
which  i^as  found  to  be  calcium  sulphate.  Eggettes  of  this  same 
mixture  made  on  the  American  machine  were  practically  the  same 
in  character  and  unusually  dull  gray  in  appearance,  llie  specific 
gravity  of  the  briquets  was  1.205.  When  tested  on  the  compression 
machine  these  briquets,  which  were  crumbly  and  weak  and  broke 
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easily  in  the  hands,  compressed  much  more  than  usual  before  break- 
ing. Their  crushing  strength  was  5,600  pounds,  or  195  pounds  per 
square  inch.  Another  ton  was  tried  with  9  per  cent  of  pitch  D,  but 
the  briquets  were  practically  the  same  as  with  7  per  cent,  although  a 
Uttle  darker  in  color.  They  also  showed  similar  streaks  of  fire  clay 
on  the  surface  and  their  fracture  was  decidedly  earthy.  They  weighed 
on  the  average  7.5  pounds  each.  There  seems  to  have  been  little 
adhesiveness  between  this  pitch  and  the  ditty  coal,  and  to  make  good 
briquets  with  this  pitch  it  would  probably  be  necessary  to  use  as  much 
as  15  per  cent,  if  not  more. 

Satisfactory  results  with  soft  pitch  not  having  been  obtained,  1 
ton  of  the  slack  coal  was  tried  with  8  per  cent  of  the  harder  pitch  A. 
The  briquets  were  well  pressed  and  blacker  than  those  with  7  per 
cent  of  pitch  D,  but  were  not  so  strong.  The  mixture  did  not  show 
any  tendency  to  stiffen  in  the  machine.  All  of  the  tests  with  this  coal 
demonstrated  its  injurious  effect  on  the  binding  properties  of  the 
pitch. 

The  coal  was  next  tried  by  mixing  together  93  per  cent  of  coal,  6 
per  cent  of  rosin,  and  1  per  cent  of  quicklime.  The  lime  was  mixed 
in  sizes  ranging  from  dust  to  pieces  three-fourths  of  an  inch  in  diameter, 
and  it  was  thought  that  the  lumps  would  be  reduced  by  the  disinte- 
grator and  the  lime  slaked  by  the  steam  of  the  pug  mill,  so  that  the 
cement  would  not  set  too  quickly.  The  disint^ator,  however,  had 
little  effect  on  the  hard  lime,  and  consequently  there  were  in  the 
briquets  many  large  unslaked  pieces,  which  caused  the  briquets  to 
fall  to  pieces.  Some  of  the  material  that  remaiaed  in  the  pug  mill 
for  some  time  gave  a  briquet  that  was  hard  while  hot,  but  after 
cooling  became  earthy.  The  briquets  weighed  on  an  average  7 
pounds  each.  The  eggettes  made  of  this  material  were  dense  but 
crumbly. 

In  order  to  prevent  unslaked  lime  from  going  into  the  briquets, 
the  lime  before  being  used  was  slaked  with  one-half  its  weight  of 
water,  making  a  fine,  dry  powder.  This  was  mixed  with  the  coal  to 
give  the  same  proportions  with  the  rosin  as  in  the  above  test,  and 
although  the  briquets  were  smooth  and  well  formed,  having  been 
thoroughly  pressed,  they  were  crumbly  and  not  at  all  strong.  They 
were  grayish  in  color  and  similar  in  quality  to  those  made  with  7  per 
cent  of  pitch  D.  They  weighed  on  an  average  7.5  pounds  each.  The 
^gettes  of  this  same  material  were  also  crumbly  and  dull  in  luster. 

Some  of  the  lime-rosin  briquets  were  burned  and  gave  less  smoke 
than  those  with  the  rosin  and  no  lime,  some  giving  even  less  than 
the  briquets  made  with  pitch  alone. 

Another  test  of  this  coal  was  made  with  rosin  and  Kansas  crude 
oil.  The  experiments  ia  the  laboratory  had  shown  that  the  best 
results  could  be  obtained  by  using  6  per  cent  of  rosin  and  1  per  cent 
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of  the  oil.  In  preparing  this  combination  for  the  English  machine 
the  oil  was  first  mixed  with  five  times  its  weight  of  fine  coal,  so  as  to 
make  a  nonsticky  mass  that  would  readily  mix  with  the  cracked 
rosin  and  coal  in  the  usual  manner.  As  the  rosin  became  very  fluid 
at  212^  F.  the  hot  briquets  when  received  from  the  machine  had  no. 
strength,  and  cracked  slightly  under  their  own  weight  when  piled 
only  two  high.  They  abo  cracked  somewhat  because  of  the  water 
in  the  wet  steam.  On  cooling  they  became  strong  and  were  of  good 
quahty.  Some  of  the  mixtiure  that  was  allowed  to  stand  in  the 
mold  until  cool  enough  to  be  ''tacky"  before  pressing  was  good  as 
received  from  the  machine,  but  it  had  not  been  sufficiently  compacted. 
On  standii^,  these  briquets  became  coated  with  a  heavy  brownish- 
gray  efflorescence.  The  weight  of  these  briquets  averaged  7.29 
pounds  each  and  their  specific  gravity  was  1.25.  The  crushing 
strength  of  the  briquets  was  on  the  average  6,400  pounds,  or  223 
pounds  per  square  inch.  On  account  of  the  lack  of  uniformity  of  the 
briquets,  however,  the  results  of  e^t  tests  varied  from  4,300  to 
9,240  pounds.  The  eggettes  made  from  tins  same  mixture  were  hard 
and  compact,  although  of  a  dull  color,  and  they  had  a  good  degree  of 
strength  as  received  from  the  machine.  Witii  an  arrangement  for 
cooling  the  mass  after  it  had  passed  through  the  pug  mill  and  before 
being  fed  to  the  press  this  mixture  made  briquets  that  were  very 
good  physically,  but  smoked  rather  badly. 

As  the  above  tests  showed  that  the  best  way  to  counteract  the 
effect  of  the  large  amount  of  fire  clay  in  this  coal  was  to  add  some 
Uquid  binder  that  would  soak  into  the  coal  and  at  the  same  time  unite 
with  the  soUd  binder,  another  test  was  made  with  creosote  as  a 
Uquid  binder  and  pitch  as  the  hard  binder.  For  this  purpose  Indian 
Territory  No.  6  coal  was  mixed  with  8  per  cent  of  pitch  G  and  IJ 
per  cent  of  creosote  such  as  is  used  in  preserving  timber.  The 
creosote  and  five  times  its  weight  of  fine  coal  were  first  mixed 
together  and  then  thoroughly  mixed  with  the  cracked  pitch  and 
coal.  In  operating  the  machine  the  amount  of  steam  used  for 
heating  the  mixture  was  gradually  increased  until  there  was  an 
excess.  This,  however,  had  no  effect  upon  the  cooled  briquets, 
but  it  made  the  hotter  ones  more  tender  and  a  little  harder  to  handle. 
The  first  briquets  of  this  mixture  cracked  a  little,  because  of  excess 
of  water,  but  the  remainder  came  from  the  machine  strong  enough 
to  bear  handling  at  once.  The  effect  of  the  excess  of  steam  was  to 
insure  more  complete  softening  of  the  pitch  and  more  uniform  mix- 
ing of  the  clay.  The  briquets  were  black  and  clean  and  only  slightly 
streaked  with  the  clay.  When  piled  they  stuck  together  slightly, 
and  were  mottled  a  Uttle  from  the  creosote.  However,  they  showed 
much  less  of  the  gray  efflorescent  substance  than  any  of  the  Indian 
Territory  No.  6  briquets  and  were  also  the  best  made,  although 
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earthy.  They  were  smooth  and  black,  and  although  crumUing 
little  or  not  at  all  in  handling,  they  would  crumble  a  great  deal  on 
breaking  or  firing.  On  the  other  hand,  the  ^gettes,  made  of  this 
same  mixture  on  the  American  machine,  were  just  as  strong  and 
would  need  no  breaking  in  firing.  The  weight  of  the  briquets  was 
7.25  pounds  each  on  an  average.  Their  specific  gravity  was  1.215 
and  their  crushing  strength  was  6,500  pounds,  or  226  pounds  to  the 
square  inch. 

Another  test  with  the  Indian  Territory  No.  6  coal  was  made  with 
asphalt  B5,  which  during  the  cool  weather  had  become  hard  enough 
to  crack,  and  thus  could  be  readily  used  on  the  English  machine. 
One  ton  of  this  coal  with  8  per  cent  of  asphalt  made  soft  briquets 
that  were  hard  to  handle  while  warm,  especially  when  they  con- 
tained moisture  due  to  the  wet  steam.  The  better  ones  were  com- 
pact, heavy,  and  tough,  and  although  they  had  an  earthy,  oily 
appearance,  did  not  crack  when  struck  a  severe  blow.  They 
would  stand  rough  handling,  but  would  be  improved  with  a  small 
percentage  of  rosin.  The  briquets  weighed  7.12  pounds  each,  and 
had  a  specific  gravity  of  1.22.  Their  crushing  strength  was  very 
low,  averaging  3,200  pounds,  or  111  pounds  per  square  inch.  It 
varied  from  1,800  to  5,100  pounds.  In  making  the  compression  tests 
the  briquets  yielded  a  great  deal  before  breaking. 

A  sample  of  pitch  H  was  tried  with  the  Indian  Territory  No.  6 
coal.  The  best  results  were  obtained  with  this  as  a  binder.  One 
ton  of  coal  was  mixed  with  8  per  cent  of  pitch  H,  and  with  nearly 
dry  steam  and  good  pressure  the  mixture  made  hard,  compact 
briquets.  Although  somewhat  earthy,  they  would  stand  rough 
handling.     Their  average  weight  was  7.27  pounds  each. 

Proodmate  analysis. 


Car 
sample. 


Car 


Laboratory  No 

All-drying  loss per  cent. . 

Moisture do — 

VoIatUe  matter do. . . . 


1696 

3.50 

8.03 

31.28 


Fixed  carbon per  cent. 

Ash do... 

Sulphur do. . . 


41.40 
19.29 
3.20 


INDIAN  TEBBITO&Y  NO.  9. 

Semibituminous  run-of-mine  coal  from  Panama,  on  the  Kansas 
City  Southern  Railroad,  was  designated  Indian  Territory  No.  9,  and 
a  part  of  the  sample  was  used  in  briquetting  test  167.  Steaming 
test  450  was  made  of  the  briquetted  fuel. 

Excellent  briquets  were  made  with  7  per  cent  of  pitch,  a  quantity 
that  might  be  reduced  if  more  pressure  were  used.    The  briquets 
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were  haixl,  with  smooth  surfaces  and  glossy,  clean  fracture;  they 
were  easily  handled  while  hot  from  the  machine,  but  became  some- 
what brittle  when  cold. 

BriqtuUing  teat. 


' 

Test  167. 

Test  167. 

Sice  as  used: 

Over  i  Inch peroent.. 

^incAto^lnch do.... 

Ainchto^ineh do.... 

A  Inch  to  ji«  Inch do.... 

Through  :^  inob do.... 

Details  of  manufiicture: 

MAohiTW  iised 

0.8 
3.6 
12.6 
25.2 
67.8 

Renfrow  No.  1. 
176 

W.  0.  P. 
4120 

7 

70,000 
0.460 

Drop  test  (1-inch  screen): 

Held percent.. 

Passed do.... 

Tumbler  teat  (1-taich  screen): 

Held do.... 

Pa«ed do.... 

Fines  through  lO-mesh  sieve, 
percent 

62.5 
37.5 

82.5 
17.6 

98.0 

Briquettlng  temperature .  'F . . 
irjild.... 

Weather  test: 

Time  exposed days.. 

Condition 

31 
B 

Laboratory  No 

Absoiption  test: 

Amount per  cent. . 

Wei^tof- 

Fuel  briquetted. .  pounds . . 
Briquets,  average. .  .do 

T£ne  immersed 

Water  absorbed 

Average  for  first  4  ^ 

Specific  gravity  (api 

days.. 

percent.. 

lays do.... 

Darent) 

18 
16.6 
2.62 
1.090 

Chemical  analyses  of  coal  and  briquets. 

Gv 
sample. 

Test  167. 

TAboratory  No. ... 

4020 

5.11 
13.65 
73.21 
8.03 
1.18 

4.30 

82.50 

1.60 

1.72 

4325 

Proximate: 

per  cent. . 

3.39 

Volatflft  matt4>r 

17.15 

PIxfMl  carbon 

■ do.... 

72.04 

Ash 

do.... 

7.42 

Rnlpbnr 

do. . . . 

1.15 

Ultimato: 

Hydro0Mi. 

do.... 

4.23 

CarboaT. 

do. . . 

82.80 

Ntlaro0m 

..  .do.... 

do 

1.61 

Oxygpn. 

2.40 

Extraction  analyses. 

Pitch. 

FueL 

Briquets. 

Ind.T. 

No.O. 

Test  197. 

LaboratoryNo 

4120 

4020 

4.50 

.48 

4326 

Air-drying  loss 

Bztrectod  by  CSt  (as  received). . . . 

Pitch  In  briquet  by  analysis 

BeatraluB 

t)er  cent. . 

0.90 

do.... 

do.... 

W.70 

6.14 
5.83 

B.t.u.. 

17,060 

13,662 

14,103 

IOWA 

NO.  4. 

A  sample  of  bituminous  coal,  over  If -inch  screen,  from  Center- 
ville,  Appanoose  County,  on  the  Chicago,  Burlington  &  Quincy  Rail- 
road, and  four  other  railroads,  was  designated  Iowa  No.  4,  and  a 
portion  of  the  sample  was  subjected  to  briquetting  tests  at  the  St. 
Louis  plant. 

One  ton  of  this  coal  was  briquetted  with  7  per  cent  of  pitch  E. 
The  briquets  were  well  pressed  and  of  a  grayish  color,  but  on  cooling 
crumbled  decidedly.    They  weighed  6.73  pounds  each.    As  th^y  did 
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not  contain  an  excess  of  pitch,  7  tons  more  of  this  coal  was  briquet- 
ted  with  8  per  cent  of  pitch  E,  in  order  to  have  a  sufficient  quantity 
for  a  steaming  test.  The  resultant  briquets  were  bluish  black  in  color, 
but  were  not  quite  hard  enough,  although  fairly  strong;  they  would 
stand  coxisiderable  rough  treatment  in  transportation.  In  burning 
they  held  together  until  consumed.  They  weighed  on  an  average 
6.77  pounds  each.  The  eggettes  made  from  this  same  mixture  were 
stronger  than  the  briquets,  had  a  polished  surface,  but  were  very 
brown  in  color.  In  the  cookstove  they  burned  satisfactorily,  crum- 
pling little  until  consumed.  The  steaming  test  made  of  these  briquets 
gave  considerably  better  results  than  the  original  coal,  indicating 
that  the  coal  had  been  much  improved  by  briquetting. 

Chemical  aricdyses  of  coed  and  briqtiets. 


Car 
sample. 


Briquets. 


Car 
aampie. 


Briquets. 


Laboratory  No 

Proximate: 

Air-drying  loss . .  per  cent. . 

Moisture do 

Volatile  matter do 

Fixed  carbon do. . 

Ash do.. 

Sulphur do.. 


1437 


1488 


4.50 

3.90 

14.08 

13.24 

35.59 

36.50 

39.37 

37.85 

10.96 

12.41 

4.26 

3.90 

Ultimate: 

Hydrogen per  cent 

Carbon do.. 

Nitrogen do.. 

Oxygen do.. 

Heat  value B.  t.  u.. 


4.67 

68.07 

1.06 

8.49 

10,723 


4.81 

69.25 

.86 

6.28 
10,885 


KANSAS  NO.  2. 

A  sample  of  bituminous  lump  and  nut  coal  from  Yale,  Crawford 
County,  on  the  Missouri  Pacific  Baiboad,  was  designated  Kansas 
No.  2,  and  a  part  of  the  sample  was  subjected  to  briquetting  tests  at 
the  St.  Louis  plant. 

Two  tons  of  this  coal  was  briquetted  with  11  per  cent  of  pitch  X, 
The  pitch  of  the  mixture,  in  passing  through  the  machine  from  the 
pug  mill  to  the  press,  set  so  quickly  that  the  briquets  did  not  receive 
the  necessary  pressure.  The  surface  was  rough,  and  a  great  many 
cracks  developed.  No  more  of  this  coal  was  available  for  briquet- 
ting after  the  receipt  of  pitch  of  the  better  qualities.  It  is,  however, 
a  coal  that  will  briquet  very  readily  with  pitch  of  the  better  grades, 
such  as  pitch  D  or  pitch  H.  About  7  per  cent  of  either  would  be 
required  for  commercial  briquets. 

Chemical  analysis. 


Car 
sample. 


Car 

ample. 


Laboratory  No 

Proximate: 

Alr-drylng  loss. . 

Molstnre 

Volatile  matter. 

Fixed  carbon... 

Ash 

Sulphur 


.percent. 

do... 

do... 

do... 

do... 

do... 


1122 

2.00 
4.18 
31.23 
46.68 
17.91 
6.27 


Ultimata: 

Hydrogen per  cent. 

Carbon do. . . 

Nitrogen do . . . 

Oxygen do... 

Heat  value B.  t.  u. 


Digitized  by  VjOOQIC 


4.41 

64.58 

.9B 

4.82 

11,642 
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KANSAS  NO.  2B. 

Bituminous  slack  coal,  from  the  lower  Weir-Pittsburg  bed  at  Yale, 
Crawford  County,  was  designated  Kansas  No.  2B  and  was  used  in 
briquetting  tests  182,  183,  194,  195,  199,  203,  and  204.  The  briquets 
were  used  in  steammg  tests  487,  488,  and  495,  and  in  locomotive  and 
house-boiler  steamii^  tests. 

In  tests  182,  183,  and  199  raw  slack  was  used  as  follows:  Over  one- 
fourth  inch,  1  per  cent;  one-tenth  inch  to  one-fourth  inch,  4.8  per  cent; 
one-twentieth  inch  to  one-tenth  inch,  12.6  per  cent;  one-fortieth 
inch  to  one-twentieth  inch,  23.6  per  cent;  through  one-fortieth  inch, 
58  per  cent.  The  briquets  showed  the  same  characteristics  as  those 
made  from  washed  coal,  except  that  they  were  harder  when  cold,  and 
had  a  harder  and  rougher  fracture,  owing  to  high  ash  content. 

In  tests  194,  195,  203,  and  204  washed  slack  was  used  as  follows: 
Over  one-fourth  inch,  0.8  per  cent;  one- tenth  inch  to  one-fourth  inch, 
4.8  per  cent;  one-twentieth  inch  to  one-tenth  inch,  12.6  per  cent; 
one-fortieth  inch  to  one- twentieth  inch,  21.4  per  cent;  through  one- 
fortieth  inch,  60.4  per  cent.  Satisfactory  English  briquets  were  made 
with  7  per  cent  of  binder,  and  satisfactory  Renfrow  briquets  with  8 
and  9  per  cent  of  binder,  there  being  no  apparent  difference  in  these 
two  kinds.  Briquets  with  either  had  smooth  outer  surfaces,  were  well 
molded,  with  sharp  edges,  clean,  rough  fracture,  and  did  not  break 
in  handling  while  warm.  After  the  briquets  became  cold  those  with 
9  per  cent  of  binder  showed  less  effect  of  abrasion  than  those  with  8  ' 
per  cent  of  binder.     Renfrow  briquets  showed  deficiency  of  pressure. 

BriqueUing  tests. 


From  raw  slack. 


Test  182. 


Test  183. 


Test  199. 


From  washed  slack. 


Test  194. 


Test  }ft6. 


Test  203. 


Test  204. 


Details  of  mannfactare: 

Mafdbine  used 

Temperatuie  of  briquets,*  F. 

Kind 

Laboratory  No 

Amount,  per  cent 

Wel|dit  of— 

Fuel  briquettedy  pounds 
Briquets,    average, 

pounds 

Drop  test  (l-tnch  screen): 

Held,  per  cent 

Pmbbq,  per  cent 

Tnmbler  test(l-lnch  screen): 

Held,  per  cent 

PasBBd  (fines),  per  cent 

Finea     tfarousn 

sieve,  per  cent 

Wetttberingtrat: 

Time  exposed,  days 

OoDdltlon 

Abaorption  test; 


lO-mesh 


immflraedi  days. , 


Water  absorbed,  m  cent. 
ATerage  for  first  4  dajrs,  per 


cent. 
Spedflo  graTity  (apfMURmt) . 


W.O.P. 
4543 

7 

40,000 

3.96 

89.1 
10.9 

86.2 
14.8 

71.6 

12 
B 

19 
9.2 

1.16 
1.198 


(*) 
140 

W.O.P. 
4643 

7 

40,000 

0.482 

69.0 
31.0 

91.0 
9.0 

94.7 

12 
A 

19 
12.6 

1.95 
1.170 


(*) 
149 

W.O.P. 

4683 

8 

68,000 

0.465 

61.0 
39.0 

88.6 
11.6 

97.6 


13 
12.4 


2.23 
1.143 


(•) 
176 

W.O.P. 
4643 

7 

12,000 

3.66 

84.9 
16.1 

80.8 
19.2 

87.2 

4 
A 

13 

8.7 

1.36 
1.122 


(«) 
176 

W.O.P. 
4683 

7 

24,000 

3.61 

81.4 
18.6 

83.6 
16.5 

74.6 

3 
A 

13 
9.7 

1.43 
1.105 


(6) 
149 

W.O.P. 

4683 

8 

16,000 

0.441 

64.0 
36.0 

84.5 
16.5 

94.7 


140 

W.O.P. 

4683 

9 

24,000 

0.417 

62.6 
47.6 

80.6 
19.6 

94.3 


13 
13.6 


2.60 
1.044 


13 
12.9 


2.23 
1.096 


a  English. 


b  Renfrow  No.  1. 
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Chemical  analyseB  of  coal  and  briquets. 


Car 


Raw 
fueL 


Test  182. 


Test  183. 


Test  198. 


Laboratory  No 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 


.per  cent. . 

do.... 

do.... 

do.... 

do.... 


.do.... 
.do...- 
.do.... 
.do.... 


4361 

8.01 
28.39 
45.22 
20.38 

4.70 

4.15 

63.62 

1.13 

3.83 


4518 
9.63 


10.87 
3.80 


4374 

9.43 
20.71 
43.67 
17.19 

4.15 

4.28 

66.12 

1.03 

5.01 


4380 

4.64 
2&40 
46.56 
SO.  40 

4.40 

5.03 
M.05 

1.20 
3.62 


2.78 
31.67 
46.78 
18.77 

4.36 

4.35 

66.00 

.95 

4.89 


Test  194. 


Test  196. 


Test  203. 


Test  204. 


Laboratory  No 

Proxlmato: 

Moisture 

VolatUe  matter. 

Fixed  carbon... 

Ash 

Sulphur 

(Tltiniate: 

Hydrogen 

Carbon..., 

Nitrogen 

Oxygen 


.T)6roent. 
..^.do... 

do... 

do... 

do... 


.do. 
.do. 
.do. 
.do.. 


4422 

7.64 
32.40 
51.52 
8.35 
3.60 

4.61 

74.58 

1.25 

6.62 


4660 

4.23 

32.64 

53.57 

9.50 

3.36 

4.81 

76.20 

1.20 

4.34 


4654 

2.80 
33.04 
52.26 
11.81 

3.84 

4.32 

73.18 

LOO 

6.33 


4655 

3.20 
33.95 
61.53 
11.32 

3.82 

4.55 

73.25 

L12 

5.40 


Extraction  anahfses. 


Fuel. 


Car 
samiile. 


Raw 
fuel. 


Briquets. 


Test  182.    Test  183.   Te8tl99L 


Laboratory  No 

Air-drying  loss 

Extracted  by  CSi  (as  received). 

Pitch  in  briquet  by  analirsis 

Heat  value 1 


..percent. 
.fTT.do... 

do... 

...B.  t.  u. 


4361 

6.60 
0.47 


4518 
8.20 

a5i 


10,640 


13,343 


4374 
7.00 
6.63 
6.21 
11,043 


3.00 

6.78 

6.36 

11,221 


4665 


6.61 

6.91 

11,796 


Pitches. 


Briquets. 


Test  194.   Test  195.    Ttft903.   Twt304. 


Laboratory  No 

Air-drying  loss percent. 

Extracted  by  CSi  (as  received) do. . . 

Pitch  in  briquet  by  analysis do. . . 

Heat  value B.  t.u. 


4543 


09.66 
*i6,*969" 


4683 


89.31 
'i6,'637' 


4422 
6.20 
6.70 
6.30 
12,841 


4654 


4655 


6.60 

6.83 

13,963 


7.02 

7.30 

18,013 


7.83 

&31 

13.101 


KEKTITCKT  NO.  1. 

A  sample  of  bituminous  run-of-mine  coal  from  Straight  Creek, 
Bell  County,  on  the  Louisville  &  Nashville  Railroad,  was  designated 
Kentucky  No.  1,  and  a  part  of  the  sample  was  subjected  to  briquetttng 
tests  at  the  St.  Louis  plant. 

This  is  a  good  coking  coal,  unusually  li^t  in  wei^t  and  lustnnis. 
Lx  passing  through  the  disintegrator  it  was  ground  a  little  too  fine, 
even  when  only  one  side  of  the  machine  was  used.  Furthennore, 
on  account  of  its  light  weight  it  was  difficult  to  obtain  the  right 
pressure  on  the  English  machine.    The  coal  was  tested  with  6  per 
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cent  of  pitch  D,  the  bnquets  being  clean  and  black,  but  not  sufficiently 
pressed  to  IBII  all  the  pores.  They  were,  however,  good  briquets, 
and  would  stand  rough  treatment  in  transportation.  They  stood 
weathering  with  little  change.  They  weighed  on  an  average  6.15 
pounds  each.  The  eggettes  made  from  the  mixture  were  smooth 
and  lustrous  and  as  strong  as  any  eggettes  made  on  the  American 
machine.  In  the  cookstove  they  burned  satisfactorily  without 
disintegrating  or  giving  off  an  excess  of  smoke.  This  coal  can  be 
briquetted  readily. 

Chefnieal  analysis. 


Ctf 
sunplo. 

Cftr 

aunple. 

l4»b9ntory  No. 

1474 

1.90 
3.10 
36.  U 
50.30 
4.39 
1.22 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Heat  value  .*.'.'  * . . . 

percent.. 

do.... 

..do.... 

do.... 

B.t.u.. 

Fraadmate: 

Air-drying  loss 

....Doroont. . 

5.25 
70.86 

Moistixre. 

Fixed  carbon 

Mh 

Solphnr 

do.... 

do.... 

do.... 

do.... 

do... 

1.80 

7.22 

14,148 

KENTUCKY  NO.  2. 

A  sample  of  bituminous  coal,  over  |~inch  screen,  from  Earlington, 
Hopkins  County,  on  the  Louisville  &  Nashville  Railroad,  was  desig- 
nated Kentucky  No.  2,  and  a  part  of  the  sample  was  subjected  to 
biiquetting  tests  on  both  the  English  and  the  American  machines 
at  ihe  St.  Louis  plant. 

As  none  of  the  good  pitches  was  available  at  the  time  this  coal 
was  tested,  it  was  briquetted  on  the  EngUsh  machine  with  9  per  cent 
of  pitch  E,  the  necessary  percentage  as  determined  by  laboratory 
work.  Three  tons  of  this  coal  was  tested.  The  briquets  were 
extremely  pitchy,  and,  on  account  of  excessive  water  due  to  wet 
steam,  were  difficult  to  handle,  and  when  piled  three  or  four  deep 
crushed  under  their  own  weight.  With  dry  steam  the  briquets 
were  more  easily  handled.  Although  somewhat  plastic,  they  did 
not  crush  when  piled.  On  cooling,  the  briquets  were  hard,  with 
lustrous  fracture,  and  were  capable  of  standing  a  great  deal  of  rough 
handling.  They  weighed  on  an  average  6.83  pounds  each.  The 
eggettes  made  of  the  mixture  were  hard,  but  almost  too  brittle.  In 
the  cookstove  the  eggettes  burned  satisfactorily. 

The  coal  was  tested  with  8  per  cent  of  pitch  E,  3^  tons  of  coal 
being  used  and  the  briquets  being  given  the  greatest  pressure  possible 
on  the  English  machine.  As  the  coal  is  hard,  and  as  only  one  side  of 
the  disintegrator  was  used,  there  were  many  large  pieces  of  coal  in 
the  briquets,  but  there  were  also  sufficient  small  pieces  to  fill  in  all 
the  openings  between  the  larger  fragments.  This  is  nearly  an  ideal 
condition  for  briquetting  on  the  English  machine.  The  briquets 
were  bluish  black  and  excellent  in  every  way.    They  did  not  have 
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the  glossy  or  lustrous  fracture  of  the  briquets  containing  9  per  cent 
of  pitch,  but  they  were  a  better  commercial  briquet  and  were  more 
easily  handled  when  taken  from  the  machine.  With  pitch  of  the 
quahiy  of  pitch  D  or  pitch  H,  5  to  6  per  cent  would  make  a  good 
briquet.  The  briquets  tested  would  stand  much  rough  treatment 
in  transportation.  They  did  not  disintegrate  in  burning,  nor  was 
there  much  slack  formed  in  breaking  them  for  burning.  They 
weighed  on  an  average  6.83  pounds  each  and  had  a  specific  gravity 
of  1.13,  as  compared  with  1.37  for  the  slack  or  fine  coal.  The  slack 
that  was  used  in  making  the  briquets  contained  18  per  cent  of  ash) 
but  the  lump  coal  contained  only  11  per  cent  of  ash.  The  crushing 
strength  of  the  briquets  was  11,300  pounds^  or  394  pounds  per 
square  inch. 

The  results  of  the  steaming  test  of  the  briquets  showed  that  the 
briquets  have  no  greater  efficiency  than  the  original  coal. 

The  eggettes  made  from  this  same  mixture  were  stronger  and 
better  than  those  made  with  9  per  cent  of  pitch,  although  not  so 
hard.  They  were  also  browner  in  color.  The  eggettes  were  not  so 
strong  as  the  briquets. 

Chemical  analyses  of  coal  and  briquets. 


Car 
sample. 

Briquets. 

1461 

1644 

2.70 

3.30 

7.91 

7.U 

37.94 

37.07 

45.02 

44.31 

9.13 

11.51 

3.02 

8.71 

6.00 

4.  SO 

71.46 

09.09 

1.32 

1.28 

8.38 

7.84 

12,200 

11,878 

Laboratory  No 

Proidznate: 

Alr-drylng  loss per  cant.. 

Mobturo do.... 

VolatUe  matter do.... 

Fixed  carbon do — 

Ash. do.... 

Sulphur do — 

Ultimate: 

Hydrogen do — 

Carbon do — 

Nitrogen do.... 

Oxygen do — 

Heat  value B.t.u... 


KENTUCKY  NO.  2B. 

Coke  breeze  from  Earlington,  Hopkins  County,  on  the  Louisville  & 
Nashville  Railroad,  was  designated  Kentucky  No.  2B,  and  one  part 
of  the  sample  was  used  in  briquetting  test  102,  and  another  part 
mixed  with  Illinois  No.  20  coal  was  used  in  briquetting  tests  103  and 
104.  No  chemical  analyses  were  made  for  briquetting  test  102. 
Briquetting  tests  103  and  104  are  included  under  the  discussion  of 
Illinois  No.  20. 

In  test  102  the  size  of  the  coal  as  used  was  as  follows:  Over  one- 
fourth  inch,  10.25  per  cent;  one-tenth  inch  to  one^fourth  inch,  31  per 
cent;  one-twentieth  inch  to  one-tenth  inch,  18.75  per  cent;  one- 
fortieth  inch  to  one-twentieth  inch,  18.55  per  cent;  through  one- 
fortieth  inch,  21.45  per  cent.     The  English  machine  was  used,  the 


DETAILS  OF  BRIQUBTTING  TESTS. 


181 


temperature  of  the  briquets  being  179.6**  F.  A  coal-tar  pitch  and  a 
water  gas  pitch  binder  were  used,  the  proportions  being  6  and  7  per 
cent.    Twenty-five  tons  of  fuel  was  briquetted. 

The  briquets  were  soft  when  hot,  but  on  cooling  were  hard  enough 
to  stand  handling.  Various  mixtures  made  no  apparent  difference. 
All  briquets  showed  coarse  structure  and  were  easily  fractured. 
Attempted  boiler  tests  were  discontinued,  owing  to  difficulty  in 
maintaining  steam.  Broken  briquets  burned  better  than  whole 
ones.  For  pitch  analyses,  see  laboratory  Nos.  2729,  2735,  and  2748. 
All  of  these  briquets  were  sent  to  the  Big  Four  Railway  Co.  for  pre- 
liminary locomotive  test.     The  results  were  unsatisfactory. 


KABYLAND  NO.  2. 

Bituminous  run-of-mine  coal  from  the  Big  Vein,  or  Pittsburgh  bed, 
one-half  mile  west  of  Lord,  Allegany  County,  on  the  Baltimore  & 
Ohio  Railroad,  was  designated  Maryland  No.  2  and  a  part  of  the 
sample  was  used  in  briquetting  tests  191,  192,  193,  and  231. 

In  tests  191,  192,  193,  and  231  the  size  of  coal  used  was  as  follows: 
Over  one-fourth  inch,  2.2  per  cent;  one-tenth  inch  to  one-fourth  inch, 
9.8  per  cent;  one-twentieth  inch  to  one-tenth  inch,  26  per  cent;  one- 
fortieth  inch  to  one-twentieth  inch,  28.2  per  cent;  through  one- 
fortieth  inch,  33.8  per  cent.  Various  proportions  of  binder  (5,  6,  and 
7  per  cent)  made  equally  good  briquets  on  the  English  machine.  The 
briquets  had  smooth,  firm  surfaces,  characteristic  glossy  fracture,  and 
sharp  edges.  Renfrew  briquets  were  satisfactory,  but  owing  to  faulty 
operation  in  the  heater  the  best  results  were  not  obtained.  Excel- 
lent briquets  can  be  made  from  this  coal  with  5  per  cent  of  binder. 

Enqueuing  tests. 


Test  No. 


191. 


192. 


193. 


231. 


Details  of  manufBctare: 

Machine  used 

Briquetting  temperature *F. . 

Kind 

Laboratory  No 

Amount per  cent. . 

Wefkbt  of— 

Fuel  briquetted pounds. . 

Briquets,  average. do 

Drop  test  (1-inch  screen;: 

Held per  cent. . 

Passed do.... 

Tumbler  test  (1-inch  screen): 

Held do.... 

Passed  (fines) do.... 

Fines  througn  10-mesh  sieve do 

Weathering  test: 

Thne  exposed days.. 

Condition 

Absorption  test: 

Tanelmmened days.. 

Water  absorbed percent.. 

Average  for  first  4  days do — 

Specific  gravity  (apparent 


English. 
186 

W.  O.  P. 

4543 

5 

4,000 
3.35 

75.9 
21.1 

74.0 
26.0 
76.6 

5 
A 

10 

11.9 

1.46 

1.118 


English. 
186 

W.  O.  P. 

4543 

6 

4,000 
3.32 

79.3 
20.7 

78.2 
21.8 
77.8 

5 
A 

19 
15.6 
1.85 
1.076 


English. 
186 

W.  O.  P. 
4543 


82.5 
17.5 

80.2 
19.8 
63.0 

5 
A 

19 
10.5 
1.30 
1.143 


RflnfrowNo.l. 
131 

W.  O.  P. 

4806 
8 

17,000 
0.463 

24.0 
76.0 

66.5 
83.5 
85.0 


19 
14.4 
2.26 
1.071 

r 


le 
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Chemical  analyses  of  coal  and  briquets. 

Raw  fuel. 

Teito 
191. 1»2. 
and  198. 

T«t231. 

Laboratory  No 

4335 

3.35 
16.  W 
72.53 

8.15 
.76 

4.44 

82.18 

1.48 

3.77 

4415 

6.83 
19.71 
66.01 

7.45 
.86 

4.33 

81.52 

1.79 

3.44 

4767 

Prozimata: 

Moisture 

Volatile  matter 

peroent.. 

do  .  . 

4.21 
30.71 

Fixed  carbon 

do.... 

do 

68.54 
6.54 

Sulphur 

do.... 

.94 

Ultimate: 

Hydrogen 

G^bon 

do.... 

do.. 

4.61 
83.36 

Nitrogen 

do.... 

1.64 

•  OxTOfii.. 

^*^^ 

Ha 

2.68 

Extraction  analyses. 


Pitches. 


Fuel. 


Maiy. 

land 
No.  2. 


Briquets. 


Tests 
191. 192, 
and  193. 


Test  231. 


Laboratory  No 

Afr-dryiDg  loss 

Extracted  by  CS|  (as  reeeiTed). 

Pitch  in  briquet  by  analysis 

Heatyalne 


.per  cent. , 
..VT.do... 

do... 

...B.t.u. 


99.66 


16,969 


4806 


96.90 
'i6,'864' 


4385 
1.80 
.30 


14,173 


4415 
6.00 
6.42 
6.36 

13,581 


4767 
3.4D 
7.61 
7.6B 
14,008 


MI8SOUBI  NO.  1. 

A  sample  of  bituminous  run-of-mine  coal  from  New^ome,  Bates 
County,  on  the  Frisco  system,  was  designated  Missouri  No,  1,  and  a 
part  of  the  sample  was  subjected  to  briquetting  tests  on  the  English 
machine  at,  the  St.  Louis  plant. 

At  the  time  this  coal  was  tested  only  the  hard  pitch  was  available. 
Two  and  a  half  tons  of  this  coal  that  had  previously  been  washed  was 
briquetted  with  11.5  per  cent  of  pitch  A.  The  briquets  were  black 
in  color  and  sufficiently  hard  to  stand  rough  handling,  but  on  accoimt 
of  the  pitch  setting  too  quickly  they  were  insufficiently  pressed  and 
were  granular  and  porous.  This  coal  will,  however,  briquet  verj' 
readily,  and  with  softer  pitches,  as  pitch  D  and  pitch  H,  will  make  a 
good  briquet  with  about  6  to  7  per  cent  of  binder. 

The  briquets  were  tested  under  the  boiler. 

Chemical  analyses  of  coal  and  briquets. 


Car 
sample. 

Briquets. 

Laboratory  No - 

1126 

6.00 
8.33 
38.58 
88.73 
19.36 
5i25 

4.41 

62.16 

1.08 

5.53 

10,586 

1206 

Proximate: 

Air-drying  loss 

peroent.. 

2.90 

Moisture 

do.... 

6.38 

VoHtfl'^nwtttr. .             

do.... 

37.60 

Fixed  carbon 

do.... 

41.85 

Ash 

do.... 

14.17 

Sulphur 

do.... 

4.66 

Ultimate: 

Hvdrosen 

do..-. 

4.68 

Ovbon 

do.... 

68.S 

Nitrogen 

do.... 

1.16 

Oxygen 

do.... 

5.68 

Heat  value 

B.  t.n.. 

11,867 

Digitized  by 


GoogT^ 


DETAILS   OF  BRIQUBTTING  TESTS. 


188 


MlSSOtmi  NO.  10. 

Bituminous  screenings,  through  a  }-inch  shaking  screen,  from  the 
Bevier  bed  at  Bevier,  Macon  County,  on  the  Chicago,  Burlington  & 
Quincy  Raihroad,  were  designated  Mssouri  No.  10,  and  a  part  of  the 
sample  was  used  in  briquetting  tests  178,  179,  241,  245,  and  246. 

In  tests  178,  179,  241,  245,  and  246  the  size  of  coal  used  was  as 
follows:  Over  one-fourth  inch,  3  per  cent;  one-tenth  inch  to  one- 
fourth  inch,  10.2  per  cent;  one-twentieth  indi  to  one-tenth  inch,  17.2 
per  cent;  one-fortieth  inch  to  one-twentieth  inch,  21.2  per  cent; 
through  one-fortieth  inch,  48.4  per  cent.  Equally  satisfactory 
briquets  were  made  with  7  and  8  per  cent  of  binder  on  the  English 
machine,  and  8  and  9  per  cent  on  the  Renfrow  machine.  The  large 
amount  of  clay  present  made  the  briquets  soft  when  warm,  but  very 
hard  when  cold,  if  the  fuel  was  worked  with  high  moisture  content. 
Tests  178  and  179  were  made  of  coal  from  the  same  car  and  under 
greater  pressure  than  in  other  tests.  The  briquets  from  the  two  tests 
were  harder,  more  cohesive,  and  made  less  slack  in  handling.  All  the 
briquets  had  rough  surfaces  and  broke  with  ragged  fracture.  They 
were  of  a  dull-gray  color,  owing  to  the  amount  of  clay  present. 

Briquetting  tests. 


« 

Test  No. 

178. 

179. 

241. 

245. 

246. 

Details  of  manufacture: 
]|lA<?hiTlfl  USfKl 

Renfrow  No.  1. 

176 

W.  G.  P. 

4543 

8 

42,000 

0.476 

80.5 
19.5 

M.O 
6.0 

90.0 

19 
B 

19 

14.6 

1.94 

English. 

185 

W.  G.  P. 
4543 

7 

5,000 

4.43 

63.3 
36.7 

90.9 
9.1 

80.9 

19 

c 

19 
7.6 

Renfrow  No.  1. 

149 

W.  0.  P. 

4806 

9 

66,000 

0.481 

73.0 
27.0 

91.6 
8.5 

05.0 

Renfrow  No.  1. 

149 

W.  G.  P. 
4879 
8.5 

176,000 

a528 

58.0 
42.0 

87.0 
13.0 

90.3 

English. 

149 

W.  O.  P. 

Briquetting  tempera- 
ture  'F.. 

Binder- 
Kind 

Laboratory  No 

Amount.per  cent. . 

Weight  of— 

FiMl    briquetted. 

4879 
8 

10,000 

Briquets,  average, 
pounds 

3.91 

Drop  test  (1-inch  screen): 

Held percent.. 

Passed do.... 

Tumbler  te8t(l-inchscreen): 

Held percent.. 

Passed  (flnesf... do.... 

Fines  through  lO-mesh 

sieve percent.. 

Weathering  test: 

Time  exposed ...  days . . 

Condition 

64.4 
35.6 

64.2 
36.8 

5ao 

Absoiption  test: 

Tune  immersed. days. . 
Water    absorbed, 
per  cent 

13 
9.0 
1.54 

13 
13.1 
2.24 

13 
6.6 

Average  for  first  5  days, 
percent 

1.12 

A  verage  for  first  2  days, 
neroent 



2.2 
1.238 

Speciflcgisvity  (apparent) . 

1.172 

1.207 

1.108^ 

1.948 
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Chemical  analyses  of  coal  and  briquets. 


Raw 
fuel. 

Raw 

fuel. 

Test 
178. 

4515 

11.03 
32.24 
38.67 
18.06 
3.72 

Test 
170. 

Test 
241. 

Test 
245. 

Test 
246. 

Laboratory  No 

4257 

15.23 
26.32 
37.05 
20.50 
8.60 

3.03 

58.28 

.00 

8.27 

4803 

14.10 
27.64 
37.02 
21.24 
4.56 

3.88 

56.06 

1.01 

O.OI 

4362 

4.51 
36.53 
41.37 
1&50 

3.00 

4.34 

64.20 

.01 

6.01 

4808 

8.01 
31.81 
38.17 
21.11 

4.40 

4.16 

6a  16 

.84 

6.73 

4876 

7.70 
.11.46 
30,87 
20.88 

4.66 

4.12 

6a63 

.84 

0.71 

4906 

Proximate: 

Moisture per  cent. . 

Volatile  matter do.... 

Fixed  carbon do.... 

Asli do.... 

Sulphur do.... 

Ultimate: 

Hydrogen do.... 

Carbon do 

7.75 
32.48 
4a  05 
1&82 

4.53 

4.24 

62.77 

Nitrogen do 

.01 

Oxygen do 

6.76 

Extraction  analyses. 

Fuel. 

Briqueto. 

Test  178. 

Test  170. 

Test  241. 

4257 
13.70 
0.47 

4803 

laao 

0.47 

4515 
0.40 
7.44 
7.03 

4362 
1.30 
7.54 
7.13 
11,128 

4808 

Air-drying  loss 

Extracted  by  CSt  (as  received). . 
Pitch  in  briquet  by  analysis 

percent.. 
....do.... 
....do.... 

8.44 

8.27 

Heat  value. .'......'. '. 

.-B.t.u.. 

0,000 

0,081 

10.082 

Pitch. 

Briquets. 

Test  245. 

Test  246. 

4543 
00.66 

4806 
06.00 

4870 
04.50 

4876 

8.68 

8.73 

10,262 

4g0B 

Extracted  by  CS*  (as  received) . 

percent.. 
do 

7.63 

Pitch  in  briquet  by  analysis... . 

7.62 

Heat  value.. ^ ^ 

..B.t.u.. 

16,000 

16,864 

16,805 

10.580 

MONTANA  NO.  1. 

A  sample  of  black  lignite  (or  subbituminous  coal  No.  4,  nut,  washed) 
from  Red  Lodge,  Carbon  Coimty,  on  the  Northern  Pacific  Railroad 
was  designated  Montana  No.  1  and  a  part  of  the  sample  was  subjected 
to  briquetting  tests  on  the  English  machine  at  the  St.  Louis  plant. 

This  coal  was  dried  slightly  before  briquetting.  It  was  tested  with 
16  per  cent  of  pitch  A.  The  full  limit  of  pressure  that  could  be 
obtained  on  the  English  machine  was  used,  and  although  the  briquets 
were  well  pressed,  they  were  somewhat  porous  and  rough  on  the  sur- 
face. They  were  black,  but  not  glossy.  They  stood  rough  handling, 
and  weighed  on  the  average  6.30  pounds  each. 

The  coal  was  briquetted  with  7  per  cent  of  pitch  B,  the  highest 
pressure  obtainable  being  used.  As  received  from  the  press,  the 
briquets  were  somewhat  plastic,  but  on  cooling  proved  to  be  brittle. 
They  weighed  on  an  average  7  poimds  each. 

Inability  to  control  the  moisture  content  of  the  mixture  in  the 
English  machine  was  probably  the  cause  of  the  poor  results  obtained 
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in  this  test,  but  as  the  mixture  had  to  be  heated  in  this  machine  by 
the  introduction  of  direct  steam  into  the  mass  it  was  impossible  to 
prevent  the  condensed  steam  from  adding  to  the  moisture  content  of 
the  mixture,  and  as  this  class  of  fuels  has  an  affinity  for  water  the 
moisture  was  readily  absorbed  into  the  coal  substance  and  resulted 
in  a  weak  briquet. 

Chemical  analyais. 


Laboratory  No 

rroximate: 

Air-drying  loss per  cent. 

lioistiire do. . . 

VolatU©matt«r do... 

Fixed  carbon do. . . 

Ash do. . . 

Sulphur do. . . 


Car 
sample. 


i2g» 

2.20 
11.05 
35.90 
42.08 
10.97 

1.73 


Ultimate: 

Hydrogen per  cent. 

Carbon do. . . 

Nitrogen do... 

Oxygen .~I do. . . 

Heat  value B.  t.  u. 


Car 
sample. 


4.65 
66.42 

1.50 

13.16 

10,539 


NEW  ICEZICO  KO.  1. 

A  sample  of  run-of-mine  subbituminous  coal  from  a  bed  3  miles 
north  of  Gallup,  McKinley  County,  on  the  Santa  Fe  Railroad,  was 
designated  New  Mexico  No.  1  and  a  part  of  the  sample  was  subjected 
to  briquetting  tests  on  the  English  and  American  machines  at  the 
St.  Louis  plant. 

This  coal  was  first  briquetted  with  12  per  cent  of  pitch  A,  but 
the  briquets  were  unsatisfactory  in  every  way.  Five  and  one-half 
tons  of  this  coal  was  briquetted  with  15.8  per  cent  pitch  X,  and  the 
briquets  were  seemingly  good  in  every  way  and  could  be  handled 
easily  without  crumbling.  On  cooling,  however,  they  began  to 
crumble,  and  did  not  weather  well.  In  burning  they  showed  a 
decided  tendency  to  disintegrate. 

This  coal  was  tested  on  the  English  machine  with  8  per  cent  of 
pitch  D.  The  briquets  were  rather  crumbly  and  earthy,  and  on 
cooling  were  covered  with  a  white  efflorescent  substance.  They  did 
not  contain  a  sufficient  quantity  of  pitch.  They  weighed  on  an 
average  6.83  pounds  each  and  had  a  specific  gravity  of  1.13.  Their 
crushing  strength  was  7,120  pounds,  or  248  pounds  to  the  square  inch. 

As  8  per  cent  of  pitch  D  did  not  give  any  excess  of  binder,  and  as  the 
briquets  were  not  satisfactory,  another  ton  of  this  coal  was  tested  with 
10  per  cent  of  pitch  D.  Although  the  briquets  fresh  from  the  machine 
were  somewhat  stronger  than  those  with  8  per  cent  of  pitch  D,  on 
standing  and  becoming  thoroughly  cool  they  became  so  like  those 
made  with  8  per  cent  of  pitch  D  that  the  two  could  not  be  distin- 
guished from  each  other.  This  indicated  that  a  satisfactory  briquet 
could  not  be  made  from  this  coal  with  this  pitch,  even  by  greatly 
increasing  the  percentage.    In  making  these  briquets  the  English 
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machine  was  run  under  ideal  conditions;  the  pressure  was  constant, 
and  the  coal  was  sufficiently  dry  and  not  too  fine  and  cotdd  be  bri- 
quetted  at  a  moderate  temperature.  The  briquets  showed  a  little 
more  of  the  white  efflorescent  substance  with  10  per  cent  than  with 
the  8  per  cent  of  pitch  D,  although  they  were  rather  glossy.  The 
average  weight  of  the  briquets  was  6.42  pounds  each  and  their 
specific  gravity  was  1 .02.  Their  crushing  strength  was  5,900  poimds, 
or  206  pounds  per  square  inch,  as  compared  with  248  pounds  per 
square  inch  for  those  made  with  8  per  cent  of  pitch  D.  The  eggettes 
were  glossy  on  the  surface  but  had  a  dull  fracture  and  were  not  tena- 
cious.    They  showed  a  tendency  to  disintegrate  in  burning. 

The  most  satisfactory  test  was  with  pitch  H,  1  ton  of  coal  being 
briquetted  with  8  per  cent  of  pitch.  The  briquets  were  hard,  strong, 
and  clean — ^much  better  in  every  way  than  any  briquets  of  this  coal 
made  with  pitch  D.  They  weighed  on  the  average  6.25  pounds  each 
and  their  specific  gravity  was  1.06.  Their  crushing  strength  was 
13,050  pounds,  or  454  pounds  to  the  square  inch,  being  nearly  twice 
the  strength  of  those  made  with  8  per  cent  of  pitch  D. 

Chemical  analysis. 


Car 
sample. 


Car 
sample. 


Laboratory  No 

Proximate: 

Air-drying  loss per  cent. 

Moisture do. . . 

Volatile  matter do. . . 

Fixed  carbon do. . . 

Ash do... 

Sulphur do. . . 


1278 

1.60 
12.29 
34.58 
46.14 

6.99 


Ultimate: 

Hydrogen. percent.. 

Carbon do 

Nitrogen do 

Oxygen do 

Heat  value B.  t.  u . . 


5.07 

72.18 

1.17 

13. 89 

11,358 


NEW  MEXICO  NO.  2. 

A  sample  of  subbituminous  slack  from  1^  miles  east  of  GaUup, 
McKinley  Comity,  on  the  Santa  Fe  system,  was  designated  New 
Mexico  No.  2,  and  a  part  of  the  sample  was  subjected  to  briquetting 
tests  on  both  the  English  and  American  machines  at  the  St.  Louis 
plant. 

This  subbituminous  coal  is  almost  identical  with  New  Mexico  No.  1. 
It  was  tested  with  9.3,  10.5,  and  12  per  cent  of  pitch  X,  but  in  every 
case  the  briquets  were  crumbly  and  no  positive  results  could  be 
obtained. 

The  coal  was  next  tested  with  pitch  D  as  a  binder,  1  ton  of  the  coal 
being  briquetted  with  7  per  cent  of  pitch  D.  The  briquets  were 
crumbly,  gray  in  color,  and  had  an  earthy  fracture.  They  were 
neither  hard  nor  strong  and  were  porous,  although  the  limit  of  pres- 
sure was  applied.  There  did  not  seem  to  be  any  difference  in  the 
briquet,  whether  made  with  a  low  or  a  high  pressure.    A  large 
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amount  of  grayish  efflorescent  substance  appeared  on  the  briquets 
aknost  immediately.  The  briquets  weighed  on  an  average  7  pounds 
each.  The  eggettes  made  from' this  mixture,  although  not  so  porous, 
had  the  same  earthy  appearance,  fracture,  and  gray  color. 

Another  ton  of  this  coal  was  briquetted  with  9  per  cent  of  pitch  D; 
an  excess  of  pitch,  due  to  its  partial  volatilization,  was  indicated  by 
the  bluish  color  on  the  surfaces.  On  account  of  an  excess  of  steam, 
the  briquets  were  rather  soft  as  received  from  the  machine,  and  owing 
to  the  excess  of  pitch  many  of  them  stuck  together.  Although  they 
were  better  than  those  made  with  7  per  cent  of  pitch  D,  they  would 
not  have  served  as  commercial  briquets.  They  weighed  on  an  aver- 
age 7.12  pounds  each.  The  coal  was  very  dirty  and  contained  con- 
siderable clay,  and  the  same  difficulties  were  experienced  in  briquet- 
ting  it  with  pitch  as  were  encountered  with  the  Indian  Territory 
No.  6  coal  and  pitch.  From  the  work  done  on  this  sample  it  has 
been  definitely  proved  that  such  dirty  lignites  can  not  well  be  bri- 
quetted with  any  commercial  percentage  of  pitch  as  a  binder,  unless 
perhaps  it  is  a  pitch  made  from  petroleum,  as  pitch  H. 

Five  tons  of  this  coal  was  briquetted  on  the  American  machine  by 
using  10.25  per  cent  of  the  HoflFman  patent  binder,  consisting  of 
petroleum,  rosin,  and  quicklime.  The  briquets  were  not  tough,  but 
held  together  rather  satisfactorily  when  burned  under  the  boiler.  A 
steaming  test  was  made  of  these  eggettes. 

Chemical  analyses  of  coal  and  briquets. 


Car 
sample. 


Briquets. 


Laboratory  No 

Proximate: 

Air-drying  loss percent.. 

Moisture do 

Volatile  matter do.... 

Fixed  car  ban do 

Ash do 

Sulphur do 

XTltimale: 

Hydrogen do 

Carbon do 

Nitrogen do 

Oxygen do 

Heat  value B.t.u.. 


1307 

2.90 
10.79 
33.82 
36.73 
18.66 

1.26 

4.51 
61.73 

1.06 
10.37 
9,907 


1263 

1.00 
6.75 
37.56 
39.08 
16.61 
1.61 

4.92 

66.73 

.87 

7.95 

11,412 


NORTH  DAKOTA  KO.  1. 

A  sample  of  lignite  from  Lehigh,  Stark  County,  on  the  Northern 
Padfic  Railroad,  was  designated  North  Dakota  No.  1,  and  a  part  of 
the  sample  was  subjected  to  briquetting  tests  on  the  English  and 
American  machines  at  the  St.  Louis  plant. 

This  lignite  is  tough  and  woody,  and  does  not  distintegrate  readily. 
In  the  first  test  the  lignite  was  not  previously  dried  and  was  mixed 
with  10  per  cent  of  pitch  A.    Although  the  highest  possible  pressure 
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was  used,  the  briquets  wore  porous  and  had  the  appearance  of  an 
incoherent  mass  of  chips.  With  12  per  cent  of  pitch  A  the  briquets 
were  still  porous  and  noncoherent,  and  on  standing  for  some  time 
exposed  to  the  weather  the  grains  and  fragments  of  lignite  began  to 
slack  oflF.  Between  the  fragments  of  lignite  there  was  an  excess  of 
pitch,  but  it  did  not  seem  to  have  any  adhesion  for  the  fri^ments. 
As  the  briquets  were  cooling,  the  contained  steam  acted  upon  the 
lignites,  giving  them  the  appearance  of  lumps  of  soft,  brown  loam 
surrounded  by  pitch. 

The  next  test  was  made  with  dry  material,  the  lignite  having  been 
previously  ground  to  about  4-mesh  fineness.  One  ton  of  this  dry, 
fine  material  was  mixed  with  12  per  cent  of  pitch  A  and  run  through 
the  English  machine,  only  one  side  of  the  disintegrator  being  used. 
There  was  no  excess  of  steam  and  the  full  pressure  was  used,  but 
the  briquets  were  open.  With  both  sides  of  the  disintegrator  in  use 
there  was  a  sUght  improvement  in  the  briquets,  but  they  were  all 
porous  and  incoherent,  and  on  exposure  to  the  weather  began  to  dis- 
integrate. There  was  seemingly  an  excess  of  pitch  between  the 
flakes  similar  to  that  observed  in  the  first  ton  tested.  The  same  mix- 
tures were  tested  on  the  American  machine,  and  the  ^gettes  when 
first  received  had  a  polished,  lustrous  appearance,  but  became  rough 
immediately  and  had  almost  no  coherence.  The  lignite  was  tested 
further  by  increasing  the  percentage  of  pitch,  allowing  the  mixtures 
to  remain  longer  in  the  pug  mill,  and  increasing  the  pressure  to  the 
limit  that  could  be  attained  on  the  English  machine,  but  no  briquets 
were  obtained  that  had  any  coherence,  and  the  results  were  all 
unsatisfactory. 

The  poor  results  obtained  were  probably  due  to  the  absorption  of 
moisture  by  the  lignite  from  the  condensed  steam  used  to  heat  the 
mixture,  as  it  was  impossible  with  the  English  machine  to  prevent 
an  excess  of  moisture  being  present  in  the  mixture.  The  excess  of 
moisture  was  injurious  only  to  fuels  like  lignite,  which  readily  absorb 
considerable  moisture  and  are  weakened  by  the  action  of  the  moisture. 

Chemical  analysis. 


Car 

Car 

sample. 

sample. 

Laboratory  No 

1279 

Ultimate: 

Hydrogen 

percent.. 

Proximate: 

4.15 

Air-drying  loss 

percent.. 

23.60 

Carbon 

*T.do.... 

€2.28 

Moisture 

..do.... 

35.38 

Nitrogen 

do.... 

.84 

Volatile  matter 

do.... 

29.59 

Oxygen 

do.... 

15.  S8 

Fixed  carbon 

do.... 

25.68 

Heat  value 

B.t.u.. 

6,933 

Ash 

do..,. 

9.35 

Sulphur 

do.... 

1.55 
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NORTH  DAKOTA— PrrTSBUBGH  NO.  11. 

A  car  of  run-of-mine  ligaite  from  the  Scranton  mine,  Scranton, 
Bowman  County,  N.  Dak.,  was  designated  Pittsburgh  No.  11.  This 
lignite  had  a  dark-brown,  almost  black  color,  but  became  somewhat 
lighter  colored  after  drying. 

Briquetting  tests  312,  317,  318,  319,  and  322  were  made  of  the  raw 
lignite  at  Pittsburgh  on  the  German  press,  without  binder.  House- 
heating  boiler  tests  H86  and  H87  were  made  of  briquets  from 
briquetting  test  322 . 

Test  312  of  material  dried  till  it  held  10.6  per  cent  moisture  fur- 
nished some  fairly  strong  briquets  during  the  latter  half  of  the  run 
when  conditions  had  become  constant.  The  shape  of  these  briquets 
was  good,  their  surfaces  were  smooth,  and  their  edges  were  sharp. 
They  could  be  handled  without  too  much  breakage.  The  best 
briquets  were  made  by  running  the  machine  at  moderate  speed — 
about  60  revolutions  per  minute. 

Test  317,  in  which  the  material  was  dried  until  it  contained  11  per 
cent  moisture  and  the  pressure  used  was  heavier  than  in  test  312, 
failed  to  produce  satisfactory  briquets.  Those  formed  were  too  weak 
to  stand  handling  and  crumbled  to  pieces  soon  after  leaving  the  mold. 
The  chemical  analysis  reported  was  made  of  the  broken  briquets. 

Test  318,  in  which  the  material  contained  11.7  per  cent  moisture 
and  the  pressure  was  the  same  as  in  test  317,  furnished  some  fair 
briquets  during  the  latter  part  of  the  run,  but  they  were  not  strong 
enough  to  stand  handling.  As  in  test  317,  pieces  of  briquets  were 
analyzed. 

Test  319,  in  which  the  material  contained  15  per  cent  moisture, 
produced  excellent  briquets;  they  had  smooth  surfaces  sharp  edges 
and  were  strong  enough  to  bear  handling. 

The  conditions  during  test  322  differed  from  those  during  test  319 
only  in  the  moisture  content  of  the  material.  The  briquets  were 
strong  and  well  formed,  with  smooth,  poUshed  surfaces. 

Plates  XVI  to  XXI  show  how  briquets  from  tests  312,  319,  and  322 
withstood  exposure  to  the  weather. 

This  lignite  was  made  into  good  briquets  without  the  use  of  a 
binder.  Satisfactory  briquets  can  be  made  by  diying  the  ground 
lignite  until  it  contains  11  per  cent  moisture,  and  better  briquets  can 
be  made  if  the  moisture  content  is  about  15  per  cent.  The  indica- 
tions are  that  material  containing  more  than  15  per  cent  moisture 
can  be  worked  on  this  press  and  will  probably  furnish  briquets 
stronger  than  any  other  lignites  mentioned  in  this  report.  Unfortu- 
nately, the  control  of  the  drier  at  the  Pittsburgh  plant  did  not  permit 
the  material,  if  dried  at  all,  to  contain  more  than  15  per  cent  moisture. 
This  defect  can  be  remedied,  however,  by  changing  the  proportions  or 
the  speed  of  the  drier. 
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Data  relating  to  the  test  made  with  this  lignite  are  summarized 
in  the  table  following: 

Briquetting  tests. 


Test  No. 


312.  317. 


318.  319. 


Site  as  shipped 

Slcioasusea: 

Over  i  inch,  per  cent 

1^  to  t  inch,  per  cent 

/^to^iDch,'ptroeint 

A  to  j\r  inch,  per  cent 

Through  A-mch,  per  cent 

Details  of  manulactuie: 

Machine  used 

Briquetting  temperature,  *  F 

Binder  used 

Tangent  of  die  angle 

Steam  pressure  on  drier,  pounds 

Weidifof— 

Fuel  briquetted,  pounds 

Briquets,  average,  pounds 

Moisture  in  briquet  mixture,  i>er  cent 

Drop  test  (1-incn  screen): 

Held,  per  cent 

Passed,  per  cent 

Tumbler  test  (1-lnch  screen): 

Held,  per  cent 

Passed,  per  cent 

Fines  through  lO-mesh  sieve,  per  cent. 
Weather  test: 

Time  exposed  when  examined,  6ays  . 

Condition  when  examined 


r.  0.  m. 

2.00 
21.00 
28.00 
26.00 
23.00 

German. 

103 

None. 

6/80 

10 

4,383 
1.00 
10.60 

42 

58 

36 
64 


r.  0.  m. 

3.00 
29.50 
25.00 
16.50 
26.00 


r.  o.  m. 

1.00 
17.60 
32.50 
22.00 
27.00 


Brman. 

German. 

98 

101 

None. 

None. 

7/89 

7/89 

10 

5 

None.a 


11.06 


2.000 
1.00 
11.73 


r.  o.  m. 

3.00 
32.00 
29.50 
16.50 
19.00 

German. 

90 

None. 

7/89 

4 

4,000 
1.03 
14.96 

44 

56 


r.  o.  m. 

1.50 
29.00 
29.00 
20.00 
2a  50 

German. 

102 

None. 

7/89 
4 

6.300 

1.07 

12.60 

34 

66 

37 
63 
59 

66 
D 


o  The  few  briquets  made  fell  to  pieces  when  handled. 

The  table  following  shows  the  changes  in  composition  of  this  lignite 
during  transportation  from  the  mine  to  the  plant,  a  period  of  38  days, 
and  during  storage  at  the  plant  until  used  for  the  last  briquetting 
test,  a  period  of  50  days.  The  fourth  column  gives  an  average  of 
five  proximate  analyses  made  on  different  dates,  and  analyses  of  the 
briquets  are  also  given. 

Chemical  analyfes. 


Mine 
sample. 


Car 
sample. 


Sample 

as  used 

on  last 

test. 


Average 

of  5 
samples. 


Date  taken 

Laboratory  No 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Heat  value 


.percent.. 

do 

do.... 

do.... 

do.... 


...do... 
...do... 
...do... 
...do... 
-B.  t.u. 


Mar.  20 
7499 

41.43 

23.86 

28.45 

6.26 

.74 


6,241 


Apr.  23 
7677 

38.81 

25.48 

27.29 

8.42 

.97 

4.54 
61.20 
.82 
18.09 
6.347 


June  12 
7942 

32.30 

18.81 

40.71 

8.18 

.85 


7,160 


32.68 

26.24 

S.45 

7.62 

.93 


7,243 
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Briquet 

Briquet 
317. 

Briquet 

Briquet 

Briquet 

Laborotwy  No 

7807 
10.76 
38.97 
40.  M 
9.33 
1.22 
9,434 

7886 
10.70 
38.96 
40.69 
9.66 
1.20 
9,470 

7893 
12.09 
38.11 
39.68 
10.12 

1.27 
9,189 

7901 
12.48 
38.92 
39.47 
9.13 
1.20 
9,184 

7944 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Solphnr 

Heat  value 

per  cent. . 
....do.... 
....do.... 
....do.... 
....do.... 
..B.t.u.. 

11.93 
36.87 
41.37 
9.83 
1.21 
9,445 

Extraction  analyses. 

Fuel. 

Briquets. 

Tost  312. 

Test  322. 

Laboratory  No 

74«9 
36.00 

7877 
27.50 

7942 

22.70 

1.71 

7807 

7944 

Alr-dryine  loss per  cent . . 

Extracted  by  C8t  (moisture  free). . . . do 

20.70 
1.76 

1.67 

1.68 

NOBTH  DAKOTA— PrrrSBXTBGH  NO.  13. 

The  sample  designated  Pittsburgh  No.  13  consisted  of  1  car  of 
nin-of-mine  lignite  from  the  Lehigh  mine,  Stark  County,  N.  Dak.  It 
was  used  in  making  gas-producer  test  184  and  briquet  ting  tests  294, 
298,  299,  300,  301,  302,  303,  304,  306,  306,  and  307  with  the  German 
press. 

The  ground  and  dried  lignite  used  in  test  294  contained  11  per  cent 
moisture.     It  made  well-formed  briquets  that  had  rather  brittl 
edges  and  cracked  sides.     They  were  strong  enough  to  endure  careful 
handling  and  were  the  strongest  lot  made  from  this  fuel. 

In  tests  298,  299,  300,  301,  302,  303,  and  304  the  moisture  content 
and  the  pressure  were  varied  in  an  endeavor  to  get  the  best  conditions, 
but  the  few  briquets  made  wef e  too  weak  and  were  not  kept. 

In  test  305  the  material  contained  about  1 5  per  cent  moisture.  Some 
of  the  briquets  were  strong  enough  to  endure  careful  handling,  but 
they  were  softer  than  those  from  test  294  and  crumbled  more  easily. 
Se^oiingly  the  material  was  too  coarse  and  contained  too  much  mois- 
ture. The  briquets  were,  however,  a  great  improvement  over  those 
from  tests  298  to  304. 

Test  306  produced  some  fairly  good  briquets,  there  being  little 
choice  between  the  lot  and  those  from  test  305.  Seemingly  the  mois- 
ture content  of  the  dried  material  was  too  high.  The  briquets 
crumbled  easily  and  when  struck  gave  a  duU  sound  instead  of  the 
sharp,  metallic  ring  of  good  briquets.  The  briquets  from  tests  305 
and  306  were  mixed  in  storage,  and  the  cohesion  tests  were  made  from 
a  mixed  sample. 

The  briquets  made  in  test  307  had  better  forms  than  those  from  any 
other  test  of  this  fuel,  but  were  not  so  strong  as  those  from  tests  294, 
306,  or  306. 
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This  series  of  tests  has  demonstrated  that  this  lignite  can  be  made 
into  briquets,  but  further  tests  are  desirable  to  detennine  the  best 
conditions.  Fine  grinding  is  a  requisite.  About  10  to  12  per  cent 
moisture  in  the  material  seems  desirable  and  a  heavy  pressure  is 
necessary.  The  proportion  of  natural  binder  in  the  lignite  being 
rather  low,  briquets  made  without  adding  artificial  binder  are  likely 
to  be  weak.  Probably  the  use  of  a  small  proportion,  perhaps  2  to  4 
per  cent,  of  artificial  binder  and  a  different  type  of  press  would  give 
better  briquets. 

Briquetting  tests. 


Test  No. 


294. 


298. 


299. 


300. 


301. 


Siie  as  shipped 

Size  as  used: 

Over  i  Inch percent.. 

^  to  finch do 

^  to  ^  inch do 

jw  to  A  inch do 

Through  ^  inch do 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature •  F . . 

Binder  used 

Tangent  of  die  angle 

steam  pressure  on  drier pounds.. 

Weight  of-  ^^ 

Fuel  briquetted do 

Briquets,  average do 

Moisture  In  oria uet  mixture per  cent. . 

Drop  test  (1-incn  screen): 

Held do.... 

Passed do.... 

Tumbler  test  (l-Inch  screen): 

Held do.... 

Passed do 

Fines  through  10-mesh  sieve do 


R.  o.  m. 

0.0 
27.7 

4ao 

22.3 
10.0 

German. 

go 
None. 
5.5/89 

20 

2,840 
0.776 
11.13 

25 
76 

30 
70 
67 


R.o.  m. 

1.0 
21.0 
31.5 
25.5 
21.0 

Oerman. 

76 

None. 

6/80 

20 

None. 


R.  o.  m. 

0.0 
20.0 
3ft.  Q 
25.0 
19.0 

German. 

75 

None. 

6/89 
20 

None.o 


R.  o.  m. 

.0.0 
20.0 
36.0 
25.0 
19.0 

German. 

75 

None. 

4/89 
20 

None.o 


R.  o.  m. 

0.5 
12.0 
28.5 
27.0 
32.0 

Oerman. 

68 

None. 

4/89 

15 

None.a 


9.19 


9.88 


9.88 


9.19 


Test  No. 


302. 


304. 


305. 


306. 


307. 


Size  as  shipped 

SizeasuscKl: 

Over  ^  inch percent.. 

A  to  tinch do 

^to^  tach do.... 

^to^  inch do.... 

Through  ^inch do 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature 'F. . 

Binder  used 

Tangent  of  die  angle 

Steam  pressure  on  drier pounds. . 

Weight  of— 

Fuel  briquetted do 

Briquet,  average do 

Moisture  in  oriquet  mixture. per  cent. . 

Drop  test  (l-incn  screen): 

Held do.... 

Passed do.... 

Tumbler  test  (1-inch  screen): 

Held do.... 

Passed do. . . . 

Fines  through  lO-mesh  sieve do 


R.o.m. 

0.5 
18.0 
24.0 
26.0 
31.5 

German. 

78 

None. 

4/89 

10 

b500 


R.  o.  m. 

0.6 
20.0 
34.5 
25.5 
19.5 

German. 

74 

None. 

5/89 
10 

6700 


9.81 


11.02 


R.  0.  m. 

0.5 
21.0 
31.5 
24.5 
22.5 

German. 

88 

None. 

6/89 

10 

6  1,950 

0.9 

11.56 


R.o.m. 

2.0 
22.5 
30.5 
21.5 
23.5 

German. 

81 

None. 

6/89 

8 

1,880 
0.77 
14.80 

16.00 
84.00 

17.00 
83.00 
60.00 


R.  o.  m. 

0.8 
21.5 
32.2 
22.5 
23.0 

German. 

85 

None. 

6/89 

12 

2,138 
0.77 
12.12 

l&OO 
84.00 

17.00 
83.00 
60.00 


R.o.m. 

as 

21.5 
32.2 
22.5 
23.0 

Oennan. 

102 

None. 

6/99 
16 

TOO 

ass 

9.29 

5.00 
95.00 

7.00 
93.00 
60.00 


a  The  few  briquets  made  were  too  weak  to  handle. 

h  Briquets  were  scrapped,  as  they  were  too  weak  to  handle. 
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The  table  following  shows  the  changes  in  composition  of  this 
fuel  during  transportation  from  the  mine  to  the  plant;  a  period  of 
12  days,  and  during  storage  at  the  plant  until  used  for  the  last 
briquetting  test,  a  period  of  30  days.  The  fourth  column  is  an 
average  of  eight  proximate  analyses  of  samples  used  on  different 
dates.     Analyses  of  the  briquets  are  also  given. 

Chemical  analyses  of  coal. 


Mine 
sample. 


sample. 


Sample 

as  used 

on  last 

test. 


Average 

of  8 
samples. 


Date  taken 

Laboratory  No 

Proximate: 

Air-diying  loss 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash. 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxyeen 

Extract  by  CSt  (moisture  free).. 
Heat  value 


.percent. 

do... 

do... 

do... 

do... 

do... 


...do... 
...do... 
...do... 
...do... 
...do... 
.B.t.u. 


Mar.  29 
7537 

37.80 
42.04 
23.40 
27.67 
6.80 


Apr.  10 
7563 

34.30 
40.23 
24.89 
28.03 
6.86 
.62 

4.28 

62.66 

.70 

19.86 


May  10 
7752 

28.90 
3&95 
24.44 

29.38 

7.23 

.91 


28.66 
38.08 
24.86 
29.74 
7.32 
.90 


6,079 


6,246 


1.16 
6,327 


6,579 


Chemical  analyses  of  briquets. 


Teet  No. 

294 

301 

302 

303 

304 

305 

306 

307 

Laboratory  No 

7611 

a60 

8.56 
37.61 
41.23 
12.70 
2.34 
L72 
9,191 

7702 

7708 

7719 

7723 

7726 

7755 

7751 

Proximate: 

Air-drying  loss per  cent. . 

Moisture. do.... 

Volatile  matter do.... 

Ash. do.... 

Sulphur do. ... 

Extract  by  CSt  (moisture  free). do. . . . 
Heat  value B.  t.ii.. 

8.30 
37.00 
^80 
n.90 
1.90 
L66 
9,410 

10.87 
36.83 
42.71 
9.50 
1.58 
1.85 
9,504 

10.26 
38.79 
42.35 
8.60 
1.12 
1.01 
9,601 

10.18 
37.82 
43.00 
9.00 
L21 

■9,' 684' 

12.10 
3&.00 
44.10 

L61 
9,000 

n.4i 

36.52 
42.56 

9.52 
1.40 

"9,496' 

10.29 
37.14 
43.93 
8.64 
1.02 
1.19 
9,698 

NOBTH  DAKOTA— PrrrSBXTBGH  NO.  15. 

A  sample  consisting  of  one  car  of  3-inch  lump  lignite  from  the 
McChire  mine,  Vanderwalker,  Ward  County,  N.  Dak.,  was  designated 
Pittsbuigh  No.  16. 

Briquetting  tests  324,  325,  326,  and  330  were  made  of  it  with  the 
German  press  without  binder.  No  ga&-producer  or  steaming  tests 
were  made. 

Dried  lignite  containing  7.4  per  cent  moisture  was  used  for  tests 
324  and  325.  In  test  324  a  set  of  dies,  used  in  test  323,  gave  the 
heaviest  pressure  the  machine  would  stand.  The  material  stalled 
the  machine,  the  end  of  a  stamp  broke,  and  no  briquets  were.  made. 
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Another  set  of  dies  giving  less  pressure  was  used  for  test  325  on  the 
same  lot  of  material.  The  material  would  not  work  satisfactorily, 
however,  with  this  set  of  dies,  and  after  several  attempts  the  test 
was  stopped  and  the  rest  of  the  lignite  in  the  hopper  was  thrown  away. 

The  next  lot  of  ground  lignite,  dried  to  contain  10.8  per  cent  mois- 
ture, was  used  for  test  326.  No  briquets  were  made  and  the  material 
came  out  of  the  press  in  a  loose  form.  The  lignite  evidently  lacked 
binding  properties,  a  defect  that  was  confirmed  by  extraction  tests 
made  later.  Another  test  (330)  was  made  of  a  lot  of  material  dried 
to  contain  1 1.6  per  cent  moistiu^e,  but  no  briquets  were  formed.  Sim- 
ilar results  were  obtained  in  tests  326  and  330.  No  further  test  could 
be  made  on  this  lignite  at  the  time. 

The  lignite  seemingly  does  not  contain  enough  binding  material 
to  form  briquets  on  the  German  press.  Without  doubt,  it  can  be 
successfully  briquetted  by  adding  a  binder  and  using  a  press  made  to 
work  with  a  binder.  It  is  tlesirable  to  make  further  tests  of  this 
lignite,  first  on  the  laboratory  hand  press  and  afterwards  on  the 
English  machine  belongii^  to  the  Bureau  of  Mines. 

Briquetting  tests. 


Test  No. 


324. 


325. 


326. 


330. 


Blse  as  8hi] 
Sise 

Oyer  i  inch percent.. 

A  to  {inch do 

^  to  ^  inch do 

1^  to  ^  inch do 

Through  ^  inch do 

Details  of  manuCacture: 

Machine  used 

Briquetting  temperature "F.. 

Binder  used 

Tangent  of  die  angle 

Steam  pressure  on  drier pounds . . 

Welriifof— 

Fuel  briquetted do 

Moisture  in  briquet  mixture per  cent. . 


3-inch  lump. 

1.5 
28.0 
30.0 
20.5 
20.0 

German. 

93 

None. 

7/80 

5 

None. 
7.40 


3-inch  lump. 

1.5 
28.0 
30.0 
20.5 
20.0 

German. 

03 

None. 

6/80 

5 

None. 
7.40 


34nch  lump. 

2.0 
30.0 
20.6 
18.5 
20.0 

German. 

03.6 

None. 

6/80 

4 

None. 
10.80 


3-4ncfalump. 

1.0 
30.0 
28.0 
10.0 
22.0 


lU 
None. 

*^ 

Nods. 
U.60 


The  chaises  in  composition  of  the  fuel  during  transportation  from 
the  mine  to  the  plant,  a  period  of  44  days,  and  during  stori^e  at  the 
plant  for  73  days,  are  shown  below. ,  The  figures  in  the  fourth  column 
represent  an  average  of  three  analyses  made  on  different  dates. 
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Mine 
sample. 


Car 
sample. 


Sconple 

asusBd 

on  last 

test. 


AveniKB 
of  3 


Date  taken 

Latxnnatory  No 

Proximate: 

Air-drying  loss. . 

MoifitUFB 

Vc^tile  matter. 

Fixed  carbon... 

Ash 

Sulphur 

lltimate: 

Hydrogen 

Carbon 

Nitrogen 


Extract  by  CS«  (moisture  free).. 
Heat  value 


.per  cent. . 
..VT.do.... 

do.... 

do..,. 

do.... 

do.... 


...do... 
...do... 
...do... 
...do... 
...do... 
.B.  t.  u. 


Apr.  3 

7587 

28.90 
36.64 
22.64 
30.74 
9.98 
.45 


Apr.   17 
7631 

25.60 
34.30 
23.10 
29.93 
13.67 
.52 

3.76 

56.01 

.87 

17.76 


June  29 
8020 

18.30 
29.09 
27.13 
34.88 
8.90 
.56 


15.83 
27.94 
27.12 
34.99 
9.95 
.54 


6,394 


6,284 


7,385 


1.08 
7,864 


PENNSYLVANIA  NO.  3. 

A  sample  of  anthracite  culm  from  near  Scranton  was  designated 
Pennsylvania  No.  3  and  a  part  of  the  sample  was  subjected  to 
briquetting  tests  on  both  the  English  and  American  machines  at  the 
St.  Louis  plant. 

The  first  test  was  with  90  parts  of  the  culm,  10  parts  of  a  West 
Virginia  coking  coal,  and  12  J  per  cent  of  hard  pitch  A.  The  mixture 
was  run  through  the  EngUsh  machine,  both  sides  of  the  disintegrator 
being  used  and  the  briquets  being  pressed  to  the  limit  of  the  machine. 
On  account  of  the  hardness  of  the  anthracite  coal  it  did  not  disinte- 
grate to  any  great  extent  and  the  briquets  resembled  concrete.  They 
were  hard  and  tough,  and  even  with  the  inferior  pitch  were  of  good 
quality.  They  weighed  on  an  average  7.25  pounds  each.  During 
combustion  they  burned  like  lumps  of  anthracite  coal,  making  little 
flame.  On  standing  exposed  to  the  weather,  the  briquets  did  not 
suffer  to  any  extent  except  during  hard  rains,  when  their  surfaces 
became  pitted.  Seemingly  this  pitting  was  due  to  the  wearing  away 
of  the  softer  pitch  from  the  harder  fragments  of  anthracite. 

The  culm  was  next  tested  with  the  softer  pitch  B,  by  using  84  per 
cent  of  anthracite,  9  per  cent  of  West  Virginia  coking  coal,  and  7  per 
cent  of  pitch  B.  For  this  test  the  coarsest  and  driest  part  of  the  culm 
was  used.  The  combination  made  fair  briquets,  but  they  would  have 
been  improved  if  dry  steam  could  have  been  used.  The  briquets 
weighed  on  an  average  7.64  pounds  each  and  had  a  specific  gravity 
of  1.174,  whereas  the  specific  gravity  of  the  raw  culm  was  1.52.  The 
crushing  strength  of  the  briquets  was  only  4,500  pounds,  or  156 
pounds  to  the  square  inch.  The  eggettes  of  this  mixture  made  on 
the  American  machine  were  harder  and  firmer  than  the  corresponding 
briquets.  They  all  burned  like  anthracite  coal,  except  that  in  starting 
the  fire  they  were  more  easily  ignited. 

Another  ton  of  the  anthracite  culm,  which  had  been  kiln-dried,  was 
briquetted  with  7  per  cent  of  pitch  B,  without  the  addition  of  anjj 
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bituminous  coal.  If  the  steam  introduced  into  the  pug  mill  was  wet 
the  fresh  briquets  were  almost  too  soft  to  handle.  If,  however,  the 
steam  was  dry,  they  were  firm  and  lustrous.  Although  the  briquets 
were  not  so  lustrous  as  those  made  with  soft  coal,  they  were  clean, 
smooth,  hard,  and  strong,  and  when  dropped  rang  like  a  stone.  The 
eggettes  of  this  mixture  made  on  the  American  machine  were  also 
very  good,  but  no  better  than  the  briquets.  The  ^gettes  also  burned 
like  lump  anthracite,  with  little  flame  or  crumbling.  In  breaking 
the  large  briquets  there  was  Uttle  waste.  The  briquets  weighed  on  an 
average  7.4  pounds  each,  and  had  a  specific  gravity  of  1.28,  the  spe- 
cific gravity  of  the  coal  being  1.52.  The  crushing  strength  of  the 
briquets  was  17,100  pounds,  or  596  pounds  to  the  square  inch,  this 
test  being  made  of  briquets  that  had  been  exposed  to  the  weather  for 
over  a  month. 

One  ton  of  the  anthracite  culm  also  was  tested  with  7  per  cent  of 
pitch  D  as  a  binder,  but,  on  account  of  lack  of  pressure,  the  briquets 
were  porous  and  not  so  good  as  those  that  contamed  7  per  cent  of 
pitch  B.  They  stuck  together  while  hot,  indicating  that  7  per  cent 
of  pitch  D  was  sufficient  and  that  an  increase  of  pitch  would  not 
improve  them.     They  weighed  only  7.06  pounds  each  on  an  average. 

A  5-ton  lot  of  the  anthracite  culm  was  briquetted  with  10  per  cent 
of  West  Virginia  coking  coal  and  11}  per  cent  of  the  Hoffman  patent 
binder,  on  the  American  machine.  The  eggettes  were  hard,  smooth, 
and  clean,  with  a  somewhat  polished  surface,  and  stood  considerable 
rough  handling.  The  eggettes  were  tested  by  burning  imder  a  boiler, 
the  fire  box  of  which  was  fitted  for  a  bituminous  coal.  Although 
made  of  79}  per  cent  of  anthracite,  they  did  not  bum  like  anthracite, 
and  their  oil  and  rosin  constituents  gave  a  long  flame  to  the  fuel,  and 
the  boiler  ran  at  86  per  cent  of  its  rated  capacity. 

From  the  results  of  these  tests  it  is  apparent  that  anthracite  culm 
can  be  satisfactorily  briquetted  either  in  combination  with  a  coking 
coal  or  by  using  simply  pitch  as  a  binder,  and  that  the  briquets  have 
most  of  the  properties  of  lump  anthracite. 

Chemical  analyses  of  coal  and  briquets. 


Car 
sample. 


Briquets. 


Laboratory  No 

Proximate: 

Air-drying  loss percent. 

Moirture do.... 

Volatile  matter do... . 

Fixed  car  ban do.... 

Ash. do.... 

Salphur do.... 

Ultimate: 

Hydrogen do.... 

Carbon do — 

Nitrogen do. 


?^. 


.do.. 


BeatvaliM B.t.u.. 


1345 

3.40 
5.41 
7. 03 

7i.ro 

15.78 
.74 

2.64 

7e.81 

.81 

3.27 

13,047 


12M 

0.10 

3.00 

27.  e2 

55.00 

14.38 

1.13 

4.13 

74.00 

1.06 

4.44 

12,808 


Digitized  by  LjOOQIC 


DETAILS  OF  BRIQUETTING  TESTS. 


197 


PENNSYLVANIA  NO.  15. 

Senubituminous  run-of-mine  coal  from  the  '^Miller"  or  "B"  bed  at 
Wehrum,  Indiana  County,  on  the  Pennsylvania  Railroad,  was  desig- 
nated Pennsylvania  No.  15,  and  a  part  of  the  sample  was  used  in 
briquettii^  tests  176  and  184,  in  mixture  with  Rhode  Island  No.  1. 
Steaming  test  467  was  made  of  the  briquets  from  briquetting  test  176. 
House-boiler  test  47  was  made  of  the  briquets  from  briquetting  test 
184. 

In  test  176  the  size  of  coal  used  was  as  follows:  Over  one-fourth 
inch,  2.2  per  cent;  one-tenth  inch  to  one-fourth  inch,  6  per  cent;  one- 
twentieth  inch  to  one-tenth  inch,  12  per  cent;  one-fortieth  inch  to 
one-twentieth  inch,  19  per  cent;  through  one-fortieth  inch,  60.8  per 
cent.  This  test,  with  7  per  cent  of  binder,  gave  satisfactory  briquets, 
which  were  tough  and  easily  handled  without  breaking  when  warm, 
but  were  brittle  when  cold.  They  broke  with  characteristic  smooth, 
glossy  fracture,  hard  surface,  and  sharp  edges. 

In  test  184  the  size  of  coal  used  was  as  follows:  Over  one-fourth 
inch,  0.8  per  cent;  one- tenth  inch  to  one-fourth  inch,  7  per  cent;  one- 
twentieth  inch  to  one-tenth  inch,  15  per  cent;  one-fortieth  inch  to 
one-twentieth  inch,  22.2  per  cent;  through  one-fortieth  inch,  55  per 
cent.  Pennsylvania  No.  15  was  mixed  with  an  equal  quantity  of 
Rhode  Island  No.  1  (run  of  mine)  in  this  test.  Excellent  briquets 
were  made  with  6.25  per  cent  of  binder  on  the  Renfrew  machine. 
Although  the  pitch  used  had  a  low  melting  point,  the  briquets  handled 
well  from  the  machine  and  piled  without  sticking.  The  outer  surface 
was  very  hard  and  smooth,  and  broke  without  crumbling,  giving  a 
smooth  fracture  and  sharp  edges. 

Briquetting  tests. 


Test  No. 


176. 


184. 


Details  of  manufacture: 

IladiJne  used 

Texm)erature  of  brlquetB •  F . 

Kind 

Laboratory  No 

Amount percent. 

Wetelitof— 

Fuel  briquetted pounds . 

Briquets,  average. do . . . 

I>rop  test  (1-inch  screen): 

Held I)eroent. 

Passed do... 

Tumbler  test  (1-inch  screen): 

Held do... 

Passed  (anea) do... 

Fines  through  10>mesh  sieve do . . . 

Weathering  tost: 

Time  exposed days. 

Condition 

Abscnption  test: 

Tune  immersed days. 

Water  absorbed per  cent. 

Specific  gravity  (apparent) 


Renfh>w  No.  1. 

185 

W.  G.  P. 
4543 

7 

8,000 
0.420 

50.5 
48.5 

70.6 
29.5 
85.0 

53 
A 

19 
22.0 
4.05 

i.643" 


Renfrew  No.  1. 
185 

W.  O.  P. 
4543 
6.25 

10,000 
0.5 

68.5 
31.5 

03.0 

7.0 

91.4 

11 
A 

16 
13.3 


1.90 
1.276 
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Chemical  ancUyses  of  coal  and  briquets. 


Fuel. 


Pa. 
No.  15. 


R.I. 
No.l. 


Test  176. 


Test  184. 


lAboratory  No 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen. 

Oxygen 


.  .per  oent. 

do... 

do... 

do... 


.do., 
.do., 
.do., 
.do.. 


4104 

2.67 
l&OO 

eo.oi 

10.33 
3.97 

4.25 

77.89 

1.19 

2.90 


3216 

2.41 

4.92 

73.61 

19.00 

.07 


70.95 

.17 

2.03 


3.90 
23.35 
64.65 
8.10 
3.11 

4.35 

78.71 

1.00 

4.18 


4913 

0.« 
15.96 
60.71 
13.59 

2.61 

3.06 

77.48 

.49 

2.65 


Extraction  analyses. 


Pitch. 


Fuel. 


'  Pa. 
No.  16. 


R.I. 
No.l. 


Briquets. 


Teat  176. 


Teat  184. 


Laboratory  No 

Air-drying  loss 

Extracted  by  CSs  (as  received). 
Pitch  in  briquet  by  analyses. . . . 
Heat  value 


.per  oent. 
.fTT.do... 

do... 

...B.t.u. 


4543 


09.66 
' 16,969' 


4104 
2.10 
0.77 


13,712 


3216 
2.00 
0.02 


10,996 


2.80 

5.72 

5.02 

13,702 


4013 
a03 
6l25 
5.91 
12,793 


PENNSYLVANIA  NO.  16. 

Semibituminous  ruu-of-mine  coal  from  the  "D"  bed  at  Hastings, 
Cambria  County,  on  the  Pennsylvania  Railroad,  was  designated 
Pennsylvania  No.  16  and  a  part  of  the  sample  was  used  in  briquet  ting 
tests  172,  173,  and  174.  Steaming  test  468  was  made  of  equal  parts 
of  briquets  from  the  three  briquetting  tests. 

In  tests  172,  173,  and  174  the  size  of  coal  used  was  as  follows: 
Over  one-fourth  inch,  2.2  per  cent;  one- tenth  inch  to  one-fourth  inch, 
5.4  per  cent;  one-twentieth  inch  to  one-tenth  inch,  1 1 .2  per  cent;  one- 
fortieth  inch  to  one-twentieth  inch,  21.4  per  cent;  through  one-for- 
tieth inch,  59.8  per  cent.  There  was  no  difference  in  physical  appear- 
ance between  English  briquets  with  6  and  those  with  7  per  cent  of 
binder.  All  briquets  were  satisfactory,  with  smooth,  very  hard 
surface,  characteristic  glossy  fracture,  and  sharp  edges.  Renfrow 
briquets  broke  without  crumbling  and  were  easily  transported  from  the 
machine  when  warm. 
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Test  Xo. 


172. 


173. 


174. 


Details  of  manufacture: 

Machine  used 

TexnpeTBture  of  briquets •F 

Binaer— 

Kind 

Laboratory  No 

Amount per  cent 

Weight  of— 

Fuel  briqnetted pounds 

Briquets,  average do . . 

Drop  test  ( 1-inch  screen) : 

Held per  cent 

Passed do. . 

TnmbLer  test  (1-inch  screen): 

Held do.. 

Passed  (fines) do . . 

Fines  througn  10-mesh  sieve do . . , 

Weathering  test: 

Time  exixned days 

Condition 

Absorption  test: 

Tmie  immersed days 

Water  absorbed. per  cent 

Average  for  first  4  days do. . 

Specific  gravity  (apparent) 


English. 
203 

C.  T.  P. 

4319 

6 

3,600 
3.66 

76.1 
23.9 

78.8 
21.2 
64.0 

M 
A 

19 
13.9 
L35 
L113 


English. 
203 

C.  T.  P. 

4319 

7 

3,500 
3.60 

80.4 
19.6 

81.7 
18.3 
63.9 

50 
A 

19 

14.7 

1.30 

1.110 


Renih>w  No.  1. 
185 

C.  T.  P. 
4310 

7 

5,000 
0.428 

44.5 
55.5 

60.5 
30.5 
91.0 

54 

B 

19 

19.0 

3.30 

L050 


Chemical  analyses  of  coal  and  briquets. 


Car  sam- 
ple. 

Tests  172, 

173.  and 

iks 

Laboratory  No - 

4160 

4.25 

21.79 

66.00 

7.87 

L50 

4.44 

70.29 
1.34 
5.06 

4253 

Proximate: 

Moisture 

percent.. 

5.27 

Volatile  matter. 

:::::::::.:::.r..doL.:. 

23.60 

Fixed  carbon 

do.... 

62.60 

Affh  ,             

do. 

8.35 

Sulphur 

do.... 

1.68 

Ultimate: 

Hydrogen 

do.... 

4.36 

Carbon 

: do 

70.42 

Nitrogen 

do.... 

1.20 

Oxveen 

dft 

4.86 

I  Composite  sample  of  briquets  used  in  steaming  test  468. 
Extraction  analyses. 


Pitch. 


Fuel,  Pa. 
No.  16. 


Briquets, 
tests  172, 
173, 174. 


Laboratory  No 

Air-drying  loss 

Extractea  by  CS«  (as  received). . 

Pitch  in  briquet  by  analysis 

Heat  value 


.percent. 
..^.do... 

do... 

...B.t.u. 


4319 


66.25 
'i6,'i39 


4160 

3.90 

.06 


13,513 


4.50 

6.35 

8.00 

13,487 


PENNSYLVAmA  NO.  18. 

Semibituminous  run-of-mine  coal  from  a  mine  working  the  "Miller" 

bed,  outcropping  at  Lloydell,  Cambria  County,  on  the  Pennsylvania 

Railroad,  was  designated  Pennsylvania  No.  18,  and  a  part  of  the  sam- 

92012«>— Bull.  58—13 14  ^  t 

Digitized  by  VjOOQIC 


200 


FXJBL-BBIQUETTING  INVESTIGATIONS. 


pie  was  used  in  briquetting  tests  196,  197,  200,  201,  202,  206,  232,  236, 
and  250;  in  mixture  with  Rhode  Island  No.  1  in  briquetting  test  243; 
and  in  mixture  with  miscellaneous  No.  9  in  briquetting  tests  238,  239, 
240,  and  248.  Four  cars  were  shipped  to  the  fuel-testing  plant  at  St. 
Louis,  and  one  car  was  shipped  to  the  Pennsylvania  RaUroad  locomo- 
tive testing  plant  at  Altoona,  Pa.  Some  of  the  briquets  made  from 
this  coaJ  were  tested  as  locomotive  fuel  at  Altoona,  Pa.,  by  the 
Pennsylvania  lines. 

In  tests  196, 197, 200, 201, 202, 205, 232, 236,  and  250  the  size  of  coal 
as  used  was  as  follows:  Over  one-fourth  inch,  1.4  per  cent;  one-tenth 
inch  to  one-fourth  inch,  5  per  cent;  one-twentieth  inch  to  one-tenth 
inch,  10.6  per  cent;  one-fortieth  inch  to  one-twentieth  inch,  24.8  per 
cent;  through  one-fortieth  inch,  58.2  per  cent.  Excellent  briquets 
were  made  on  the  English  machine  with  5, 6,  and  7  percent  of  binder; 
8  per  cent  of  binder  gave  good  results  on  the  Renfrow  machine,  but 
those  with  6  and  7  per  cent  of  binder  were  not  satisfactory.  This  coal 
worked  equally  well  with  high  and  low  moisture  content,  making 
briquets  with  hard  surfaces  that  were  easily  handled  and  piled.  The 
fracture  was  smooth,  the  particles  of  coal  being  so  thoroughly  cemented 
that  the  appearance  was  like  a  sohd  mass. 

Briquetting  tests. 


Test  No. 

196. 

197. 

200. 

201. 

302. 

Machine  used 

English. 

English. 

English. 

/Renfrow 
\    No.  1. 
149 

Renfrow 

Temperature  of  briquets 

Binder- 

-F.. 

158 

140 

185 

No.  1. 

149 

Kind 

W.O.P. 
4683 

^i«^ 

W.G.P. 
4683 

W.O.P. 
4683 

W.G.P. 

Laboratory  No 

4683 

Amount 

percent.. 

6 

7 

5 

6 

7 

Welriitof- 

Fuclbriquetted 

pounds.. 

24,000 

128,000 

24.000 

3.600 

6.500 

Briquets,  average 

DroD  test  (1-inch  screen): 

do.. 

3.57 

3.62 

3.66 

0.456 

0.439 

percent.. 

70.6 

66.7 

62.5 

21.0 

41.0 

Passed 

.....*?..do.... 

29.4 

3^3 

37.5 

79.0 

59.0 

Tumbler  test  (1-inch  screen): 

Held 

do.... 

66.0 

66.1 

72.2 

51.0 

n.o 

Passed  (fines) 

do..-.. 

34.0 

33.9 

27.8 

49.0 

29.0 

Fines  through  10-racsh  sieve — 

do.... 

78.0 

59.6 

77.6 

89.7 

89.2 

Weathering  test: 

Time  exposed 

Condition..  .     . 

days.. 

1 

A 

Absolution  test: 

Tune  immersed 

days.. 

10 

19 

13 

13 

13 

Water  absorbed 

percent.. 

14.9 

1.85 

12.0 

1.00 

n.5 

2.10 

17.4 
3.12 

16.0 

Average  for  first  4  davs 

do.... 

2.8S 

Specific  cravit  V  (aDParent) 

1.129 

1.161 

1.131 

1.068 

1.U16 
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Test  No. 


205. 


232. 


250. 


Detafls  of  maDU&cture: 

MachiDeiued 

Temperature  of  briquets "F. 

Binder- 
Kind 

Laboratory  No 

Amount per  cent. 

WeiAtof- 

Fuel  briquetted pounds. 

Briquets,  averaee do. . . 

ntest  (I-inch  screen): 
eld percent. 

Passed do... 

Tmnbler  test  (1-inch  screen): 

Held do... 

Passed  (fines) do... 

Fines  throug;h  10-mesh  sieve do. . . 

.Ibsoiption  test: 

Tmie  immersed days. 

Water  absorbed per  cent. 

Areiage  for  flret  4  days do. . . 

Specific  gravity  (apparent) 


rRenfh>w 
\    No.l. 
158 

W.G.P. 

4806 

8 

6,000 
a  407 

54.5 
45.5 

85.0 
15.0 
89.7 

13 
15.3 
2.33 
1.102 


Renfrew 
No.l. 
167 

W.G.P. 

4806 

8 

146,000 
0.460 

54.5 
45.5 

89.5 
10.5 
90.3 

13 

11.0 

1.83 

1.164 


^English. 
158 

W.G.P. 

4806 

7 

40,000 
3.62 

67.5 
32.5 

61.8 
38.2 
53.4 

13 
11.7 
2.13 
1.156 


English. 
157 

(«) 
4825 
8 

1,800 
3.91 

89.0 
11.0 

91.9 
8.1 
46.2 

13 

5.9 

0.95 

1.240 


a  Wax  tailings. 

In  test  238,  with  Pennsylvania  No.  18,  75  per  cent,  and  miscel- 
laneous No.  9  (coke  breeze),  25  per  cent,  satisfactory  briquets  were 
made  with  8  per  cent  of  binder;  they  were  similar  to  briquets  from 
Pennsylvajua  No.  18  alone.  The  surfaces  were  smooth  and  hard,  the 
fractured  surface  being  smooth,  with  sharp  edges.  The  briquets 
could  be  handled  easily  while  warm,  and  did  not  crush  or  stick 
together  when  piled  warm. 

In  test  239,  using  equal  parts  of  Pexm3ylvania  No.  18  and  miscel- 
laneous No.  9,  the  briquets  were  softer  when  warm  than  those  of  test 
238,  but  could  be  handled  without  breaking;  they  were  very  hard 
when  cold  and  broke  without  crumbling;  the  fractured  surface  was 
rough  but  firm. 

In  test  240,  with  Pennsylvania  No.  18, 25  per  cent,  and  DMscellaneous 
No.  9,  75  per  cent,  the  briquets  were  very  soft  when  warm  and  could 
not  be  handled  without  considerable  breakage,  but  were  hard  when 
cold.  The  fractured  surface  was  very  rough,  with  edges  that 
crumbled  easily.  This  test  showed  the  necessity  of  handling  fuel 
mechanically  until  cold  to  prevent  breakage. 

In  test  243  equal  parts  of  Pennsylvania  No.  18  and  Rhode  Island 
Xo.  1,  both  in  run-of-mine  form,  were  used.  An  effort  was  made  to 
improve  the  burning  qualities  by  increasing  the  melting  point  of  the 
binder,  but  owing  to  the  hardness  of  the  pitch  used  and  insufficient 
pressure  the  briquets  were  not  satisfactory.  They  could  not  be 
handled  when  warm  without  many  being  broken,  but  when  cold  were 
brittle,  producing  considerable  slack  in,  handling.  No  physical  tests 
were  made. 
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In  test  248,  with  Pemisylvania  No.  18,  10  per  cent,  and  miscel- 
laneous No.  9,  90  per  cent,  the  briquets  had  the  characteristics  of 
those  from  test  240.  The  breakage  of  wann  briquets  in  falling  from 
the  machine  and  during  handling  with  the  coke  fork  was  fully  60 
per  cent,  showing  the  necessity  of  carefully  handling  the  briquets 
with  a  belt  conveyor  until  they  are  cool.  The  cold  briquets  were 
handled  satisfactorily. 

Briquetiing  tests. 


Test  No. 


238. 


340. 


243. 


348. 


Size  as  used: 

Over!  inch 

Atoiinch 

^  to  A  Inch 

Ato^Inch 

under  A  inch 

Details  of  manuTacture: 

Machine  used 

Temperature  of  briquets 

Binder- 
Kind 

Laboratory  No 

Amount 

Weight  of— 

Fuel  briquetted 

Briquets,  averafse 

Drop  test  (1-inoh  screen): 

Held 

Passed 

Tumbler  test  (1-inch  screen): 

Held 

Passed  (fines') 

Fines  through  10-mesh  sieve.. 
Absorption  test: 

Time  immersed 

Water  absorbed 

Average  for  fli3t{7da^;;;;--; 
Specific  gravity  (apparent) 


.percent. 

do... 

do... 

do... 

do... 


.percent. 

..pounds. 
do... 


.percent. 
do... 


...do... 
...do... 
...do... 


days. 

.percent. 
..VT.do... 
do... 


1.0 
6.8 
U.2 
21.8 
56.2 

/Renfrov 
\    No.  1. 
167 

W.Q.P. 
4806 
8.0 

10,000 
0.485 

48.0 
52.0 

87.0 
13.0 
84.4 

8 
13.9 


2.42 
1.165 


0.6 
6.2 
15.0 
23.4 
54.8 

Renfh>w 
No.  1. 
•      167 

W.G.P. 
4806 
8.0 

8,000 
0.479 

56.5 
43.5 

78.5 
21.5 
92.6 

10 
15.8 
2.07 


1.4 

7.8 

16.6 

26.2 

48.0 

Renfh>w 
No.  1. 
167 

W.G.P. 

4806 

8.0 

8,000 
0.568 

40.0 
60.0 

90.0 

10.0 

100.0 

9 
14.0 


1.0 
6.8 
17.6 
25.2 
49.4 

Renfrew 
No.  1. 
185 

W.G.P. 
4625 
8.0 

2,000 


1.177 


2.4 
1.280 


1.4 
8.4 
16.8 
29.0 
44.4 

RenCrow 
No.l. 
158 

W.G.P. 

4879 
8.0 

2,000 

0.479 

61.0 
39.0 

80.0 
20.0 
85.2 


19.5 


2.68 
1.148 


Chemical  analyses  of  coal  and  briquets. 


Car 
sample. 


Raw 
fuel. 


Test  196. 


Test  197. 


Test  300. 


Laboratory  No 

Proximate: 

Air-drying  loss.. 

Moisture 

Volatile  matter.. 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 


.percent.. 

do 

do.... 

do.... 

do.... 

do.... 


.do., 
.do. 


Oxygen. 
Extract  by  CSt  (as  received). 
Pitch  in  briquet  by  analysis.. 
Heat  value 


...do. 
...do. 
...do. 
...do. 
.B.  t.i 


4509 

4.10 
4.46 
15.44 
71.63 
8.47 
L49 

4.50 

81.06 

1.34 

2.68 


13,682 


4490 


&10 

8.72 


.09 


5061 


3.25 
18.17 
69.87 
8.71 
L42 

4.12 
81.41 
1.19 
2.81 
5.44 
6.36 
14,020 


4755 

5.10 
5.95 
18.41 
67.00 
8.64 
L34 

4.16 
80.41 
L19 
3.63 
6.61 
6.56 
13,442 


5052 


3.01 
17.84 
7a  53 
8.62 
L38 

4.13 
82.27  . 
1.27 
2.02 
4.fr* 
4.51 
13,946 
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Tests  201 
and  202. 


Tests  206 
and  232. 


Test  236. 


Test  238. 


Test  239. 


Laboratory  No 

Proximate: 

Air-drying  loss percent.. 

Hoistare do 

Volatile  matter do.... 

Fixed  carbon do 

Ash do 

Snlptaur -. do 

Ultimate: 

Hydrogen do 

Carbon do 

Nitrogen do 

Oxreen do 

Extract  by  CS»  (as  received) do.... 

Pitch  in  briquet  by  analysis do 

Heat  value B.  t.  u.. 


4512 

3. 90 
4.05 
19.68 
66.66 
9.71 
1.72 

4.29 
79.76 
1.05 
2.99 
6.73 
6.70 
13,547 


5049 


2.41 
19.41 
68.86 
9.32 
1.75 

4.10 
81.20 
1.11 
2.25 
8.11 
7.78 
13,987 


4797 

3.80 
4.71 
18.43 
69.14 
7.72 
1.19 

4.40 
81.77 
1.26 
3.22 
7.38 
6.98 
13,873 


4980 

1.00 

1.83 

15.05 

69.52 

13.60 

1.61 

8.12 
77.24 
.70 
3.48 
7.21 
7.17 
13,185 


Laboratory  No 

Proximate: 

Moisture percent. 

Volatile  matter do... 

Fixed  carbon do... 

Ash do... 

Sulphur do... 


Hydrogen do... 

Carbon do... 

Nitrogen do . . . 

Oxygen do... 


Test  340. 


4977 

L06 
15.87 
00.24 
13.83 

L44 

2.81 

76.02 

.81 

4.92 


Test  243. 


4832 

1.34 
16.39 
70.34 
11.93 

L37 

3.46 

77.79 

.53 

4.74 


Test  250. 


4906 

2.55 
24.23 
62.80 
ia42 

L99 

4.36 

78.64 

.88 

3.39 


Rhode 
Island 
No.  1. 


3216 

2.41 

4.92 

73.61 

19. 06 

.07 

.65 

76.95 

.17 

2.63 


4932 

0.90 
1.30 
13.73 
60.67 
13.50 
L19 

2.81 
70.94 
.75 
8.79 
7.52 
7.36 
12,787 


Miscel- 
laneous 
No.  9. 


4763 

L95 

.80 

75.60 

2L66 

.66 


Extraction 

analyses 

Pitches. 

Fuel. 

Briquets. 

Rhode 
Island 
No.  1. 

Mbcel- 
laneous 
No.  9. 

Test  240. 

Test  243. 

Test  250. 

Laboratory  No 

4625 

4683 

4806 

3216 
2.00 

.02 

4763 
1.30 

.16 

4977 

4832 
0.70 

8.84 

9.41 
13,387 

4906 

Air-drying  loss,  .-.pw  cent. . 

1.70 

Extract  by  CS«  (as  received) 
percent 

9a  66 

89.31 

96.90 

7.43 

7.14 
12,721 

7.06 

Pftch  in  briquet  by  analy- 
sis  percent.. 

7.33 

Heat  value B.t.u.. 

16,576 

16,637 

16,864 

10.996 

10,870 

13,680 

PENNSYLVANIA  NO.  10. 

Bituminous  run-of-mine  coal  from  the  Pittsburgh  bed  one-fourth 
mile  north  of  Herminie,  Westmoreland  County,  on  the  Pennsylvania 
Railroad,  was  designated  Pennsylvania  No.  19,  and  a  part  of  the 
sample  was  used  in  briquetting  tests  218,  219,  and  242.  Steaming 
test  608  was  made  of  equal  quantities  of  briquets  from  briquetting 
tests  218  and  219. 

In  tests  218,  219,  and  242  the  size  of  coal  used  was  as  follows: 
Over  one-fourth  inch,  3  per  cent;  one-tenth  inch  to  one-fourth  inch, 
8.8  per  cent;  one-twentieth  inch  to  one-tenth  inch,  17  per  cent;  one- 
fortieth  inch  to  one-twentieth  inch,  26.3  per  cent;  through  one- 
fortieth  inch,  47.6  per  cent.  ^  , 
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FUEL-BRIQUETTING  INVESTIGATIONS. 


Briquets  with  6,  7,  and  8  per  cent  of  binder  appeared  equally  satis- 
factory. Their  edges  were  sharp,  their  surfaces  hard  and  smooth, 
and  their  fracture  clear  with  firm  edges.  Renfrow  briquets  had  a 
glossy  surface.     All  briquets  stood  handling  and  piling  well. 

Briquetting  tests. 


Test  No. 


Details  of  manufacture: 

Machine  used 

Temperature  of  briquets "F . . 

Binder- 
Kind 

Laboratory  No 

Amount per  cent. . 

Weight  of- 

Fuel  briquetted pounds. . 

Briquets,  average do 

Drop  test  (1-lnch  screen): 

Held per  cent. . 

Passed do — 

Tumbler  test  (l-lnch  screen): 

Held do.... 

Passed  (fines) do 

Fines  through  10-mesh  sieve do 

Absoiption  test: 

Time  immersed days. . 

Water  absorbed per  cent. . 

Average  for  first  8  days do — 

Specific  gravity  (apparent) 


218. 

219. 

1 

English. 

185 

English. 
185 

W.  G-  P. 

4683 

6 

W.  G.  P. 
4683 

7 

8.000 
3.6o 

.    4.000 
3.74 

73.8 
26.2 

78.5 
21.5 

75.6 
24.4 

7a  0 

78.8 
21.2 
65.0 

13 

8.6 

1.0 

1.124 

13 

8.4 

1.0 

1.133 

242. 


Renfrow 
W. 


No.  I. 
149 


G.  P. 

4S0d 


4,000 

a  431 

78.5 
21.5 

91.5 

8.5 

9a  09 

10 

7.9 

1.0 

1.12S 


Chemical  analyses  of  coal  and  briquets. 


Car 
sample. 

Tests  218 
and  219. 

Test  242. 

Laboratory  No - - 

4489 

3.39 

31.79 

56.46 

8.36 

1.05 

4.85 

77.03 

1.44 

6.94 

4648 

5.12 

33.00 

54.36 

7.52 

1.05 

4.76 

77.93 

L41 

6.86 

482S 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

percent.. 

do.... 

do.... 

do.... 

L7S 
33.50 
53.24 

9.51 

Sulnhur                                       

do.... 

1.36 

intimate: 

Hvdroeen. 

do.... 

4.52 

Carbon 

do.... 

75^91 

Nitrogen 

do.... 

1.35 

Oxvffen ...-._,_-  -  - 

do       . 

7.16 

Extraction  analyses. 


Laboratory  No 

Air-drying  loss per  cent. 

Extracted  by  CSj  (as  received) do. . . 

Pitch  in  briquet  by  analysis do. . . 

Heat  value B.  t.  u. 


.Pitches. 


4806 


89.31  96.90 

i  6' 637*,' "16,864 


Fuel. 


Pa.  No. 
19. 


4489 
2.40 


13,699 


Briquets. 


Tests  218 
and  219. 


I 


4648 
4.00 
5.80 
5.71 
13.540 


Test  242. 


a50 

9.16 

&21 

13.  M6 
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PENKSYLVANIA  NO.  20. 

Semibituminous  run-of-mine  coal  from  the  Lower  Kittanning  or  B 
bed,  H  miles  east  of  Seward,  Westmoreland  County,  on  the  Pennsyl- 
vania Railroad,  was  designated  Pennsylvania  No.  20,  and  a  part  of 
the  sample  was  used  in  briquetting  tests  198,  208,  209,  212,  213,  215, 
and  216.  Steaming  test  512  was  made  with  equal  weights  of  briquets 
from  briquetting  tests  215  and  216.  Steaming  test  514  was  made 
with  equal  weights  of  briquets  from  tests  208  and  209. 

In  tests  198,  208,  and  209  the  size  of  coal  used  was  as  follows: 
Over  one-fourth  inch,  0.8  per  cent;  one-tenth  inch  to  one-fourth  inch, 
3.6  per  cent;  one-twentieth  inch  to  one-tenth  inch,  1 1 .2  per  cent;  one- 
fortieth  inch  to  one- twentieth  inch,  27  per  cent;  through  one- 
fortieth  inch,  57.4  per  cent.  Briquets  from  both  machines  had  sim- 
ilar appearance,  with  smooth,  hard  surface;  were  very  brittle  and 
broke  with  a  glossy  fracture  and  sharp  edges.  The  percentage  of 
binder  seemed  to  have  little  eflFect  on  their  brittleness,  although  Ren- 
frew briquets,  with  8  per  cent  of  binder,  handled  with  less  breakage. 

In  tests  212,  213,  215,  and  216  washed  coal  was  used  in  sizes  as 
follows:  Over  one-fourth  inch,  0.8  per  cent;  one-tenth  inch  to  one- 
fourth  inch,  4.8  per  cent;  one-twentieth  inch  to  one-tenth  inch,  16 
per  cent;  one-fortieth  inch  to  one- twentieth  inch,  26  per  cent; 
through  one-fortieth  inch,  52.4  per  cent.  There  was  no  noticeable 
difference  between  the  briquets  from  this  test  and  those  made  from 
raw  coal. 

BriqiLeUing  tests. 


Test  No. 


198. 


208. 


209. 


212. 


213. 


215. 


216. 


Details  of  manufiustore: 

MimhlnfttisfKl 

Temperatore  of  briquets/F , 
Binder- 
Kind 

Laboratory  No 

Amount,  per  cent 

Welfi^t  of— 

Fuel  briquetted,  pounds 
Briquets,  average, 

pounds 

Drop  test  (1-inch  screen): 

Mdd,  per  cent 

Passed,  per  cent 

Tumbler  test  (1-inch  screen): 

Held,  per  cent 

Passed  (fines),  per  cent 

Fines  through  lO-mesh  sieve, 

percent 

Abaoiption  test: 

Tune  immersed,  days 

Water  absorbed,  per  coot . . . 
Average  for  flist  5  days,  per 

cent 

Spedflc  gravity  (apparent) 


V.ng»«h, 

158 

W.G.P. 

4683 

6 

3,200 

3.52 

.    74.8 
25.2 

71.0 
29.0 

66.4 

13 
14.5 

2.34 
1.141 


Renfrow 

No.l. 

158 

W.  0.  P. 

4683 

7 

4,500 

0.451 

19.5 
80.5 

54.0 
46.0 

86.8 

13 
15.5 

2.78 
1.11 


Renfrew 
No.  1. 

158 

W.  O.  P. 
4683 

8 

8,000 

0.457 

26.0 
74.0 

61.5 
38.5 

86.4 

13 
15.5 

2.66 
1.127 


Renfrow 

No.  1. 

15S 

W.Q.P 
4683 

7 

6,500 

0.427 

23.0 
77.0 

67.0 
33.0 

91.6 

13 
19.0 

3.1 

1.043 


Renfrow 

No.  1. 

158 

W.G.P. 

4683 

8 

6,500 

0.458 

19.5 
80.5 

64.0 
36.0 

87.3 

13 
14.5 

2.50 
1.144 


English. 

176 

W.  O.  P. 

4683 

6 

6,400 


74.6 
25.4 


74.0 
26.0 


63.2 


13 
9.5 


1.56 
1.148 


English. 

176 

W.  O.  P. 

4683 

7 

3,300 

3.44 

71.9 
28.1 

7a  0 

29.5 

70.4 

13 
11.0 

1.56 
1.121 
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FX7EL-BBIQXJETTING  INVESTIGATIONS. 
Chemical  analyses  of  coal  and  briquets. 


Raw 
fuel. 


Washed 
fuel. 


Test  198. 


Tests  206 
and  209. 


Test  212. 


Test  213. 


Tests  215 
and  216. 


Laboratory  No 

Proximate: 

Moisture percent.. 

Volatile  matter do.... 

Fixed  carbon do 

Ash do 

Bulphnr do 

Ultimate: 

Hydrogen do 

Carbon do 

Nitrogen do 

Oxygen do.... 


4617 

4.00 
15.89 
09.67 
10.64 

2.85 

4.53 
78.55 
1.17 
1.80 


4498 

8.96 
28.13 
57.73 
10.16 

1.00 

4.71 

76.38 

1.69 

5.70 


4769 

6.16 
19.23 
64.38 
10.28 

2.68 

4.20 
78.12 
1.09 
2.83 


4713 

2.79 

21.11 

67.79 

8.31 

1.91 

4.42 
80.25 
1.09 
3.73 


4726 

3.50 

19.98 

67.71 

8.81 

1.59 

4.39 
81.06 
1.06 
2.72 


4885 

1.23 
20.58 
67.74 
10.45 

2.96 

4.56 

79.21 

1.12 

1.51 


4726 

3.50 

19.96 

67.71 

8.81 

1.59 

4.39 

81.06 

1.06 

2.72 


Extraction  analyses. 


Pitch. 

Briquets. 

Fuel. 

Test 
198. 

Tests 

208  and 

209. 

Test 
212. 

Test 
213. 

Tests 

215  and 

216. 

Laboratory  No 

4683 

4517 
3.60 

4498 
3.10 
0.99 

4769 
5.50 
5.29 
5.00 
13,198 

4713 
2.00 
6.72 
6.49 
13,981 

4726 
3.10 
6.61 
6.37 
13,988 

4885 

0.60 

7.98 

7.92 

13,896 

4726 

Air-drying  loss per  cent. . 

3  10 

Extract  by  CSa  (asreceiTed)  .do. . . . 
Pitch  in  briquet  by  analysis  .do 

89.31 

6.61 
6.37 

Heatyalue.r .'..B.t.u.. 

16,637 

13,347 

13,311 

18,988 

PENNSYLVANIA  NO.  22. 

Bituminous  run-of-mine  coal  from  the  Pittsburgh  bed  at  Huff, 
Westmoreland  County,  on  the  Pennsylvania  Railroad,  was  designated 
Pennsylvania  No.  22  and  a  part  of  the  sample  was  used  in  briquetting 
tests  211, 222,  and  223.  Steaming  test  510  was  made  of  equal  weights 
oi  briquets  from  briquetting  tests  222  and  223. 

In  tests  211,  222,  and  223  the  size  of  coal  used  was  as  follows  : 
Over  one-fourth  inch,  1.6  per  cent;  one-tenth  inch  to  one-fourth  inch, 
17.8  per  cent;  one- twentieth  inch  to  one-tenth  inch,  33.4  per  cent; 
one-fortieth  inch  to  one-twentieth  inch,  23.2  per  cent;  through  one- 
fortieth  inch,  24  per  cent.  English  briquets  with  7  per  cent  of  binder 
showed  better  outer  surface  than  those  with  6  per  cent  of  binder. 
The  surfaces  of  all  the  briquets  were  hard,  clean,  sharp,  and  glossy, 
with  characteristic  fracture.  Renfrew  briquets  dropped  from  the 
conveyor  belt  without  breakage. 
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Test  No. 


211. 


222. 


Details  of  manufoctare: 

Machine  used 

Temperature  of  briquets 'F. . 

BinaSBT— 

Kind 

Laboratory  No 

Amount per  cent. . 

Welrtit  of— 

Fuel  briquetted pounds . . 

Briquets,  average do — 

Droptest  (1-lnch  screen): 

Held percent.. 

Passed do 

Tumbler  test  (1-inch  screen): 

Held do.... 

Passed  (fines) do 

Fines  througn  lO-mesh  sieve do — 

Abflorption  test: 

Tune  immersed days.. 

Water  absorbed percent.. 

Average  for  first  6  days do 

Specific  gravity  (apparent) 


RenfrowNo.l. 
158 

W.  G.  P. 
4683 

7 

4,000 
0.442 

54.5 
45.5 

85.0 
15.0 
90.8 

13 

11.7 

1.78 

1.110 


English. 
185 

W.  G.  P. 

4683 

7 

19.000 
d.S7 

79.8 
20.2 

73.7 
2ft.  3 
05.0 

13 

9.6 

1.48 

1.160 


English. 
158 

W.  G.  P. 

4683 
6 

3,200 
3.93 

62.2 
87.8 

67.8 
82.2 
70.0 

13 

8.9 

1.38 

1.164 


Chemical  analyses  of  coal  and  briquets. 


Raw 
fuel. 


Test  211. 


Test  222. 


Test  223. 


Laboratory  No 

Proximate: 

Ifoistore 

Volatile  matter. 

Fixed  carbon... 

Ash 


UltimaU 

Hydrogen., 

Carbon 

Nitrogen... 
Oxygen.... 


.percent. 

do... 

do... 

do... 

do... 


.do... 
.do... 
.do... 
.do... 


4498 

3.98 
28.13 
67.73 
10.16 

1.00 

4.71 
76.38 
1.59 
6.70 


4681 

2.21 
32.11 
65.12 
10.56 

1.13 

4.63 

75.71 
1.39 
6.41 


4704 

5.16 
29.60 
55.06 
10.17 

1.17 

4.46 
75.40 
1.39 
6.80 


4706 

8.65 
30.67 
64.27 

n.6i 

1.07 

3.65 
75.94 
1.24 
6.12 


Extraction  analyses. 


Pilch. 


Fuel. 


Pa. 
No.  22. 


Briquets. 


Test  211.  Test  222. 


Test  223. 


Laboratory  No 

Air-drying  loss 

Extract  by  C8«  (as  received) . 
Pitch  in  briquet  by  analysis. . 
Heat  value 


.percent. 

do... 

do... 

...B.  t.u. 


80.81 


4498 

3.10 

.76 


16,637 


13,311 


4684 
1.10 
6.77 
6.78 
13,561 


4704 
4.00 
5.45 
5.30 
13,183 


4706 
2.30 
6.20 
6.09 
13,276 


PBNNSYLVANL^-^AMESTOWN  NO.  18. 


The  coal  designated  Jamestown  No.  18  was  anthracite  coal  of  buck- 
wheat size  and  was  briquetted  in  a  mixture  with  Jamestown  No.  11 
coal  in  test  290.  The  data  obtained  from  this  test  are  presented  in  the 
section  entitled  '^West  Virginia — Jamestown  No.  11." 
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pwn.TPPiNB  ISLANDS— prrrsBxraoH  no.  112. 

A  sample  of  5  tons  of  run-of-mine  subbituminous  from  Batan 
Island,  one  of  the  Philippine  Islands,  was  furnished  by  the  Bureau  of 
Insular  Affairs,  War  Department,  for  tests  and  was  designated  Pitts- 
burgh No.  112.  Apart  of  the  sample  was  tested  on  the  hydraulic- 
laboratory  press  and  later  two  series  of  tests  of  the  coal  were  made 
under  the  writer's  supervision  at  the  plant  of  the  Indianapolis  Pressed 
Fuel  Co.,  Indianapolis,  Ind.,  as  the  English  machine  of  the  briquetting 
section  was  not  in  condition  to  make  these  tests  and  as  the  use  of  the 
commercial  plant  was  kindly  offered  by  G.  W.  Ladley,  secretary  and 
treasurer  of  the  company. 

The  fuel  has  a  structure  similar  to  bituminous  coal  and  yet  the  analy- 
sis would  indicate  that  it  is  a  lignite,  although  very  near  the  sub- 
bituminous  classification,  the  carbon-hydrogen  ratio  of  the  coal  being 
10:  .66.  This  coal  is  very  weak  and  easily  crushed  to  the  fineness  desired 
for  briquetting.  On  account  of  its  structural  weakness  briquetting  was 
expected  greatly  to  improve  this  fuel,  making  it  stronger,  of  better 
heating  value,  and  of  better  weather-resisting  qualities. 

The  first  series  of  tests  at  the  plant  of  the  Indiauapolis  Pressed  Fuel 
Co.  was  made  of  fuel  that  had  been  dried  and  crushed  at  the  Pitts- 
burgh plant  of  the  bureau.  The  second  series  of  tests  at  the  Indian- 
apolis plant  was  made  of  fuel  that  had  been  crushed  at  the  Pittsburgh 
plant  of  the  bureau  but  had  not  been  dried.  Two  varieties  of  tests 
were  made  in  each  series,  namely:  (1)  Tests  (331  to  346)  in  which 
the  material  was  mixed  and  run  through  the  Indianapolis  plant  in  the 
regular  manner.  (2)  Tests  (347  to  353)  in  which  the  material  was 
mixed,  heated  in  small  lots,  and  placed  in  molds  of  the  Ladley  press 
by  hand,  being  pressed  in  the  usual  manner. 

The  tests  made  by  the  first  method  were  not  so  successful  as  those 
made  by  the  second  method  in  which  the  mixture  of  fuel  and  binder 
was  heated  in  small  lots  and  placed  in  the  molds  by  hand,  as  the 
machine  was  adjusted  and  proportioned  for  pressing  bituminous  coal. 
Therefore  the  length  of  travel  of  the  plungers  was  not  suflSicient  prop* 
erly  to  compress  a  spongy  material  like  the  Philippine  lignite  when 
the  molds  were  filled  in  the  usual  manner.  This  result  should  not 
be  considered  a  fault  of  the  machine,  as  with  a  different  cam  the 
same  machine  could  be  adapted  to  compress  a  lignite  properly. 

A  description  of  the  Ladley  press  used  for  these  tests  is  given  on 
page  36. 

The  small  quantity  of  fuel  available  for  these  tests  (only  5  tons) 
did  not  allow  as  wide  a  range  of  tests  on  the  Ladley  press  as  could  be 
desired,  but  the  rqpults  obtained  were  sufficient  to  determine  that 
this  coal  can  be  made  into  excellent  briquets  with  some  of  the  binder 
used  in  the  tests. 
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The  relative  weather-resisting  qualities  of  the  different  briquets 
are  shown  by  the  results  of  the  absorption  test,  in  which  the  briquets 
were  immersed  in  water  and  the  percentage  of  water  absorbed  de- 
termined daily.  Briquets  that  do  not  go  to  pieces  quickly  in  the 
absorption  test  will  stand  the  weather  well. 

The  amoimt  of  moisture,  the  size  of  coal  used,  and  the  numbers  of 
tests  made  on  each  of  the  two  lots  is  shown  below: 

TesU  on  guhbitumirums  coal  from  Baton  Island,  P.  L 


Series  of  tests. 


First. 


SeocDd. 


Lot  A.      Lot  B.a 


TertNos 

Penentage  of  moisture  in  fuel 

Size  as  used: 

Over  i inch percent.. 

J  to  A  Ijnch do 

^  to  j^  inch. do 

I  to  A  Inch do — 

ti^lnch do 


331-341 
7.22 

1.0 
14.0 
30.0 
27.7 
27.3 


17.90 

11.2 
29.0 
29.3 
17.6 
13.7 


846-^53 

17.90 

1.0 
14.0 
30.0 
27.7 
27.3 


m  Same  aam^  as  lot  A,  but  lot  B  was  screened  through  a  ^Inch  screen  to  remove  large  pieces. 

The  data  obtained  at  the  Indianapolis  tests  are  given  in  the  follow- 
ing table: 

Briqwetting  tests. 


Test  No. 


331. 


332. 


334. 


335. 


Details  of  manufacture: 

Machine  usod 

Brlquetting  temperatuxQ *F . . 

Kind 

Laboratory  No 

Amount percent.. 

Wei^tof— 

Fuel  briquetted pounds. . 

Briquet,  average ounces. . 

Moisture  in  briquet  mixture per  cent. . 

Drop  test  (l-hich  screen): 

Held do.... 

Passed do.... 

Absorption  test: 

Tune  immersed days. . 

Water  absorbed per  cent. . 

Average  for  first  4  days do 

Specific  gravity  (^patent) 


Ladky. 


Ladle; 


!& 


(•) 


200 

8 

14.08 

0.0 
100.0 

0.5 
See  text. 


10 

400 

8 

13.05 

50 
44 

0.5 
See  text. 


Cell  pitch. 

9296 

10 

150 

7.5 

12.50 

26 
74 

0.5 
See  text. 


L098 


1.103 


LOOS 


Ladley. 

C.  T.  P. 

12009 

6 

400 

6.5 

14.76 

2 
98 

20 

28.36 

4.97 

0.958 


Ladley. 
186 

C.  T.  P. 

12009 

8 

400 

6.5 

20.20 

24 

76 

23 

36.11 

8.33 


•Sulphite  liquor. 


Digitized  by  LjOOQIC 


210 


FUBL-BRIQUETTING  INVESTIGATIONS. 
Briquetting  tesU — Continued. 


Test  No. 


336. 


337. 


340. 


DetaOs  of  manuflBCture: 

Machine  used 

Briquettlng  temiwrature *F. 

Binder- 
Kind 

Laboratory  No 

Amount per  cent . 

Weiiiitof- 

FUfil  briquetted pounds. 

Briquet,  average ounces. 

. Moisture  in  oriquet  mixture per  cent. 

Drop  test  (1-incn  screen): 

Sew.- do... 

Passed do... 

Absoiption  test: 

Time  immersed days. 

Water  absorbed percent. 

Average  for  first  3  days do. . . 

Specific  gravity  ( apparent) 


Ladley. 


!% 


C.  T.  P. 
12009 

7 

800 

7 

11.48 

6 
94 

20 
24.90 
3.38 
1.024 


Ladley. 

C.  T.  P. 

12000 

6 

600 

7 

n.flo 

3 
97 

20 

29.53 

6.19 

0.971 


%. 


Ladley. 


% 


C.  T.  P. 

12000 

6.6 

1,600 

7 

a.  84 

16 


20 
30.38 
6.59 
0.960 


C.  T.  P. 
12009 

6.6 

400 

0.6 

14.01 

4 
96 

16 

31.02 

6.17 

0.936 


C.  T.  P. 
12009 

4 

200 

6.5 

14.72 

(•) 


14 

24.71 

4.85 

0.945 


Test  No. 


341. 


342. 


343. 


344. 


345. 


Details  of  manuftotuxe: 
Machine  used. 


Briquettlng  temperature.. 
Binder- 
Kind 

Laboratory  No 

Amount. 

Weiflit  of— 

Fuel  briquetted 

Briquet,  average 

Moisture  in  briquet  mixture. . 
Drop  test  (1-incn  screen): 

Held 

Passed 

Absoiption  test: 

Time  immersed 

Water  absorbed 

Average  for  first  4  days. . . 
Specific  gravity  (apparent). . . 


•F. 


Ladle; 


'^ 


% 


.per  cent. 

..pounds.. 
...ounces., 
.percent.. 


.do... 
.do... 


days. 

.percent. 


Oil  pitch. 

9298 

12 

400 

7 

16.18 

77 
23 

0.6 
See  text. 


1.069 


W.  G.  P. 

12010 

6 

200 

8 

23.66 

0.0 
100 

5 
13.78 
4.26 
L096 


LadJev. 

W.  G.  P. 

12010 

8 

200 

7 

23.67 

12.0 


14 
19.81 
4.70 
1.069 


Ladk; 


% 


Flour. 

11976 

8 

250 

8 

26.31 

43 

67 

0.6 
eetext. 


1.177 


Ladk: 


!^ 


W.  O.  P. 

laoio 

10 

260 

7 

24.09 

34 
60 

12 

18.66 

5.12 

1.062 


Test  No. 


346. 


347. 


848. 


349. 


360. 


Details  of  manubicture: 

Machine  used 

Briquettlng  temperature *F 

Binder- 
Kind 

Laboratory  No 

Amount per  cent, 

Weldit  of— 

Fuel  briquetted pounds. 

Briquet,  average ounces. 

Moisture  in  oriquet  mixture per  cent. 

Drop  test  (1-incn  screen): 

Held do.. 

Passed do.. 

Absorption  test: 

Time  immersed days 

Water  absorbed percent 

Average  for  first  4  days do. . 

Specific  gravity  (i^pparent) 


Ladley. 

W.  G.  P. 

12010 
10 


8 
20.79 


14 
22.02 
5.70 
1.049 


Ladfey. 
210 

W.  G.  P. 

12010 
6 

200 

8.6 

14.12 


% 


'^ 


W.  G.  P. 
12010 

8 

26 

9 

16.46 

(c) 


16 
18.97 
4.19 
1.061 


20 
19.16 
4.13 
1.067 


Ladley. 
»168 

W.  G.  P. 

12010 

10 

20 
10.6 
16.30 

32 


20 
18.40 
3.90 
L086 


LadJtoy. 
210 

Floor. 
U976 

8 

fiO 

10 

U.79 


0.5 
»iext. 


1.168 


a  There  were  not  enougl)  briquets  to  make  this  test 

ft  Heated  over  gasoline  stove. 

e  There  were  not  sufficient  briquets  for  this  test. 

^Tests  Nos.  347  to  363  were  heated  in  small  lots  and  filled  into  molds  by 
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Test  No. 


351. 


352. 


Details  of  mamijtacture: 

Ifschlxieiiaed 

Biiquetting  temperature 'F. . 

Binder- 
Kind 

LalDoratory  No 

Amount percent.. 

Welditof- 

roel  briquetted pounds. . 

Briquet,  average do — 

Moisture  in  briquet  mixture per  cent. . 

Drop  test  (1-inch  screen): 

Passed.**.'.'.*.'.'.".". do. .'. ! 

Absorption  test: 

Tune  Inunersed days. . 

Water  absorbed per  cent. . 

Average  for  first  4  days do — 

Specific  gravity  (apparent) 


Ladley. 
210 

W.  O.  P. 

12010 

10 

20 

10 

1Q.01 

(0 


14 
14.30 
3.63 
1.108 


Ladley. 
210 

6  and  6 

400 

10 

19.23 

94 


3 
8.31 
2.77 
1.189 


Ladley. 
210 

6  and  5 

100 

9.5 

19.50 


12 


2 
12.06 


1.150 


aW.  O.  P.  and  flour, 
ft  12010  and  11976. 


c  There  were  not  enough  briquets  to  make  this  test. 
Chemical  analyses  of  coal  and  briquets. 


Raw 
fuel. 


Raw 
fuel.a 


Test  331. 


Test  332. 


Test  333. 


Laboratory  No 

Proximate: 

Air-drying  loss per  cent . 

Mofsture do... 

Volatile  matter do... 

Fixed  carbon. do... 

Asli do... 

Sulphur do... 

mtimate: 

Hydrogen do... 

Carbon do... 

Nitrogen ^ do... 

OxygiBn do... 

Extract  by  C8s (as received) do... 

Heat  value. B.  t.  u. 

Specific  gravity 


11114 

5.7 
20.06 
36.73 
36.66 
6.53 
1.43 

4.67 
66.33 

1.25 
17.79 

1.79 
9,176 
L31S 


11975 

6.60 
17.99 
37.48 
35.00 
9.53 
L58 

4.40 
62.46 

1.27 
18.32 


12037 

6.80 
14.  OK 
35.48 
41.13 
9.31 
L96 


12038 

4.90 
13.65 
37.70 
39.94 
8.71 
1.87 


8,822 


9,727 


9,565 


12039 

4.50 
12.50 
38.10 
40.43 
8.91 
2.02 


9,842 


Test  No. 


334. 


335. 


337. 


Laboratory  No 

Air-drying  loss per  cent. . 

Ifoistare do.... 

Volatile  matter do — 

Fixed  carbon 1 do — 

Ash do — 

Sulphur do.... 

Heat  value B.  t.u.. 


12040 

5.90 

14.76 

36.35 

40.36 

8.53 

1.62 

9,655 


11520 
16.30 
20.29 
33.13 
38.34 
8.24 
L58 
9,230 


11518 
5.40 
n.48 
39.85 
39.60 
9.07 
L66 
9,950 


11517 

5.20 

U.60 

40.65 

39.92 

7.83 

L57 

10,109 


11521 
6.20 
n.84 
39.95 
38.53 
8.68 
L58 
9,923 


a  Analysis  of  second  lot  of  fuel  tested  at  Indianapolis  plant. 
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Test  No. 


340. 


341. 


342. 


343. 


Laboratory  No 

AJr-drylng  loss percent 

Moistiire do. . . 

Volatfle  matter do... 

Fixed  carbon do... 

Aah do-. 

Sulphur do. . . 

HeatTalue B.  t.  n. 


12041 

4.40 

14.01 

38.67 

39.37 

7.95 

1.55 

9,754 


12042 
5.00 
14.72 
37.97 
39.24 
8.07 
1.48 
9,504 


11519 

9.40 

15.18 

39.70 

36.12 

9.00 

1.94 

9,169 


11962 
10.60 
23.56 
32.43 
34.90 
9.11 
1.92 
8,743 


11968 
R» 
23.67 
34.30 
33.64 
8.30 
1.63 
8,656 


Test  No. 


344. 


345. 


346. 


347. 


348. 


Laboratory  No 

AJr-drying  loss per  cent 

Ifolsture do. . 

Volatfle  matter do. . 

Fixed  carbon do.. 

Ash. do.. 

Sulphor do . . 

Heat  value B.  t.  u 


11964 
16.00 
25.31 
33.04 
33.19 
8.46 
1.54 
8,307 


11966 
15.60 
24.09 
34.38 
33.01 
8.52 
1.47 
8,730 


11967 
10.70 
20.79 
37.18 
33.33 
8.70 
1.50 
9,036 


11968 
2.40 
14.12 
38.96 
37.28 
9.64 
L60 
9,639 


11999 
4.90 
16.46 
38.15 
36.57 
8.82 
1.51 
9,497 


Test  No. 


349. 


350. 


361. 


352. 


353. 


Laboratory  No : 

AJr-drylng  loss percent 

Moisture do.. 

Volatile  matter do.. 

Fixed  carbon do.. 

Aah do.., 

Sulphur do . . . 

HeatTalue B.  t.  u. 


11970 

3.60 

16.30 

38.36 

36.50 

8.84 

1.53 

9,531 


11971 

1.00 

11.79 

41.88 

37.35 

8.96 

1.59 

9,293 


11972 
9.50 
19.01 
39.26 
33.22 
8.51 
L50 
9,241 


11973 
9.30 
19.23 
40.02 
32.40 
8.35 
1.43 
8,822 


11974 
5.40 
19.50 
38.03 
34.  OS 
8.42 
1.40 
8,930 


A  series  of  laboratory  experiments,  45  in  number,  was  also  made  on 
this  fuel.    The  results  are  discussed  on  pages  79  to  84. 

In  test  331  coal  and  thick  sulphite  liquor  were  mixed  with  shovels 
after  the  liquor  had  been  softened  with  steam  from  the  steam  jet. 
The  mixture  was  run  into  the  measuring  machine  and  then  through 
the  rest  of  the  plant.  The  briquets  made  were  soft  and  did  not  have 
sufficient  binder.  Therefore  6  per  cent  of  sulphite  liquor  is  not 
sufficient  for  this  material.  When  air-dried,  the  briquets  were  very 
soft  and  crumbly,  the  shape  was  spoiled,  and  the  surfaces  were 
badly  rubbed  off  by  transportation.  In  the  absorption  test  the  bri- 
quets went  to  pieces  in  water  a  few  hours  after  immersion. 

In  test  332  fuel  and  sulphite  liquor  were  mixed  by  hand  after  the 
binder  had  been  melted  by  heating  it  in  the  water  bath  and  applying 
steam  from  the  steam  jet.  The  materials  balled  considerably  in 
the  mixing.  The  briquets  were  a  decided  improvement  on  those 
made  with  6  per  cent  of  binder,  but  were  not  very  strong  when  just 
made.    It  was  indicated  that  with  a  proper  dryer  for  the  briquets 
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a  satisfactory  briquet  can  be  made  with  this  binder.  After  standing 
a  day  the  briquets  were  firm  and  strong;  hence  10  per  cent  of  sulphite 
Uquor  was  sufficient  to  make  a  satisfactory  briquet  of  this  coal;  14 
per  cent  would  be  better  if  the  briquets  were  not  to  be  used  immedi- 
ately. In  the  absorption  test  the  briquets  went  to  pieces  a  few  hours 
after  immersion. 

In  test  333  coal  and  ground  pitch  were  mixed  by  means  of  shovels, 
were  thrown  through  the  chute  into  the  coal  compartment  of  the 
measuring  machine,  and  were  heated  by  the  steam  heater,  after  which 
the  mixture  was  pressed  in  the  usual  way.  The  briquets  were  weak 
when  fresh  and  seemingly  there  was  not  sufficient  quantity  of  the 
material  (150  pounds)  to  fill  the  boxes  properly.  Some  of  the  material 
was  put  into  the  molds  by  hand  and  compressed,  making  much 
stronger  briquets.  When  air-dried  the  shape  was  good,  the  edges 
were  fair,  and  the  strength  was  fair;  the  surfaces  rubbed  oflF  somewhat 
too  easily.  In  the  absorption  test  the  briquets  went  to  pieces  a  few 
hours  after  immersion. 

In  test  334  the  fuel  and  pitch  were  mixed  cold  and  fed  into  the 
measuring  machine.  When  freshly  made  the  briquets  were  not  very 
strong,  and  it  appeared  that  the  mold  boxes  were  not  properly  fiUed. 
Some  of  the  briquets  were  fairly  satisfactory,  however,  and  6  per 
cent  of  this  binder  may  be  sufficient.  When  air-dried  the  shape  of 
the  briquets  was  poor,  the  surfaces  were  rough  and  crumbly,  and  the 
edges  brittle  and  weak.  These  briquets  were  unsatisfactory,  being 
very  weak.  They  resisted  the  water  in  the  absorption  test  very 
well,  but  the  amount  of  water  absorbed  indicated  too  much  porosity 
and  an  insufficient  compression.  The  briquets  were  lighter  than 
water. 

In  test  335  the  fuel  and  the  pitch  were  mixed  by  hand  and  fed  into 
the  measuring  machine.  The  briquets  were  stronger  than  those 
made  with  6  per  cent  of  binder,  but  8  per  cent  was  seemingly  more 
than  was  necessary.  The  surfaces  of  the  briquets  were  rough  and 
there  was  too  much  moisture  present.  When  air-dried,  the  shape  of 
the  briquets  was  poor,  the  surfaces  were  rough  and  crumbly,  and  the 
edges  weak.  The  briquets  were  not  satisfactory,  being  very  weak. 
They  were  lighter  than  water  and  the  water  absorbed  in  the  absorp- 
tion test  indicated  too  much  porosity  and  too  Uttle  compression. 

In  test  336  -pitch  and  coal  were  mixed  by  hand  and  fed  into  the 
measuring  machine,  a  large  amount  of  material  being  used  so  that 
the  mold  might  fiill  better.  The  machine  was  stopped  by  the  action 
of  the  pitch,  few  briquets  being  obtained.  The  shape  of  the  air-dried 
briquets  was  poor,  the  surfaces  were  rough  and  very  crumbly,  and 
the  edges  very  weak.  The  briquets  stood  the  absorption  test  well 
and  should  resist  weathering  well. 
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In  test  337  fuel  and  a  binder  of  coal-tar  pitch  were  mixed  dry  and 
shoveled  into  the  measuring  machine.  The  briquets  were  fairly 
strong  when  fresh,  and  seemingly  had  sufficient  pitch  and  an  excess 
of  water.  The  shape  of  the  air-dried  briquets  was  very  poor,  the 
surfaces  were  very  rough  and  crumbly,  and  the  edges  rounded  and 
cruilibly.  The  briquets  were  weak  and  wore  away  very  easily. 
The  absorption  test  indicated  that  the  briquets  were  too  porous  and 
required  more  compression.    They  were  lighter  than  water. 

In  test  338  fuel  and  pitch  were  mixed  by  hand  and  fed  into  the 
measuring  machine.  The  briquets  were  run  out  to  the  belt  con- 
veyor, but  the  fan  was  not  working,  and  few  of  them  were  good  as 
they  fell  off  the  end  of  the  belt.  A  second  lot  was  mixed  and  sent 
through  with  the  fan  running  to  cool  the  briquets,  which  were  better 
than  those  of  the  previous  lot.  Coal  and  pitch  were  mixed  for  a 
third  batch.  The  shape  of  the  air-dried  briquets  was  fairly  good. 
Their  surfaces  were  slightly  rough  and  were  not  easily  affected  by 
rubbing,  although  they  were  somewhat  rubbed  as  a  result  of  ship- 
ment. The  edges  were  slightly  roimded  but  fairly  firm.  The  strength 
of  the  briquets  was  good.  They  were  too  porous,  required  more  com- 
pression, and  were  lighter  than  water. 

In  test  339  fuel  and  a  binder  of  coal-tar  pitch  were  mixed  and  fed 
into  the  measuring  machine.  This  lot  of  briquets  when  fresh  was 
seemingly  as  strong  as  those  made  with  6.5  per  cent  of  binder.  The 
shape  of  air-dried  briquets  was  poor;  their  surfaces  were  rough 
and  badly  rubbed  and  easily  crumbled;  the  edges  were  worn  round, 
crumbled  easily,  and  were  weak.  The  briquets  broke  easily,  were 
too  porous,  and  lighter  than  water. 

Test  340  furnished  briquets  that  looked  well  when  they  came  from 
the  press  but  had  little  strength  to  resist  handling.  When  air- 
dried  they  were  the  worst  briquets  of  the  lot.  Their  shape  was  lost, 
their  surfaces  were  crumbled  irregularly,  and  what  remained  of  the 
briquets  was  soft  and  crumbly.  Their  edges  were  completely  rounded 
away  by  rubbing  in  shipping.  The  briquets  were  very  weak,  were 
too  porous,  and  were  lighter  than  water. 

In  test  341  coal  and  cell  pitch  were  mixed  and  sent  through 
the  machine.  When  air-dried,  the  briquets  had  a  very  good  shape; 
the  surfaces  were  fairly  smooth  and  not  easily  rubbed;  their  edges, 
although  sUghtly  rounded,  were  firm,  and  the  briquets  were  the 
strongest  ones  made  to  date  from  this  fuel.  In  the  absorption  test 
the  briquets  went  to  pieces  a  few  hours  after  immersion  and  therefore 
would  not  stand  weathering  well. 

In  test  342  coal  and  water-gas  pitch  were  mixed  cold  and  run  through 
thjB  heater.  The  mixture  appeared  too  wet  for  the  best  results.  The 
briquets  were  soft  when  fresh.  When  air-dried  the  briquets  had  a 
good   shape;   their  surfaces  were  rough  and  showed  the  effect  of 
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too  large  pieces  in  the  mixture  as  the  roughness  did  not  extend  over 
the  whole  surface;  their  edges  were  rounded  and  crumbly;  the  bri- 
quets were  weak.  The  briquets  resisted  water  well  in  the  absorption 
test  and  absorption  was  complete  in  five  days  after  immersion. 

In  test  343  coal  and  water-gas  pit^h  were  mixed  cold  and  passed 
through  the  heater.  The  briquets  appeared  too  wet  and  indicated 
that  the  amount  of  steaming  should  be  reduced.  When  air-dried,  the 
briquets  were  better  than  the  previous  lot,  but  their  surfaces  were 
rough  and  crumbly;  their  shape  was  fair;  their  edges  were  crumbly, 
rounded,  and  weak.  The  briquets  were  weak,  resisted  water  well, 
but  were  too  porous. 

In  test  344  flour  and  coal  were  mixed  and  heated  in  the  heater 
before  being  pressed.  The  briquets  were  fairly  firm  when  fresh,  but 
were  not  very  smooth  on  their  surfaces  and  rubbed  oflp  too  easily. 
When  air-dried,  their  shape  was  very  good,  their  surfaces  were  smooth 
and  not  easily  rubbed,  and  their  edges  were  sharp  and  rather  firm. 
The  briquets  resisted  water  poorly  and  went  to  pieces  a  few  hours 
after  immersion. 

In  test  345  coal  and  pitch  were  mixed  and  fed  into  the  middle  of 
the  heater  by  hand.  This  mixture  required  one-half  minute  to  go 
through  the  heater.  The  briquets  were  fairly  strong  when  fresh,  but 
were  rough  on  their  surfaces  and  did  not  have  enough  compression. 
When  air-dried  their  shape  was  very  poor,  their  surfaces  very  rough 
but  not  easily  crumbled,  and  their  edges  rough  and  rounded  but  firm. 
The  strength  of  the  briquets  was  good.  The  briquets  possessed  good 
water-resisting  quaUties  but  were  too  porous. 

In  test  346,  to  determine  what  effect  the  size  of  the  material  had 
on  the  briquets,  two  sacks  of  coal  were  screened  through  a  J-meeh 
screen.  Then  coal  and  pitch  were  mixed  and  run  into  the  middle  of 
the  heater  before  being  pressed.  There  was  not  much  difference 
between  these  briquets  and  the  briquets  of  test  345.  When  air- 
dried  their  shape  was  poor,  their  surfaces  were  rough  but  not  easily 
crumbled,  and  their  edges  were  rough  and  rounded  but  nevertheless 
were  rather  firm.  The  strength  of  the  briquets  was  good.  They 
resisted  water  well  but  would  have  been  improved  by  a  higher  com- 
pression in  the  mold. 

In  test  347  the  briquetting  mixture  was  heated  with  steam  from 
the  steam  jet  and  placed  in  the  molds  by  hand.  The  briquets  were 
fairly  strong  when  fresh,  but  when  cold  they  rubbed  too  easily  and 
indicated  too  little  binder.  When  air-dried  their  shape  was  poor, 
their  surfaces  were  very  rough  and  easily  crumbled,  and  their  edges 
rounded  and  soft.  The  briquets  were  weak.  The  briquets  from  this 
test  resisted  water  well. 

In  test  348  the  mixture  was  heated  over  a  gasoline  stove.  The 
briquets  had  good  form  and  surfaces  but  were  too  easily  affected  by 
«2012*^Bull.  5S-13 16  Pooalp 
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rubbing  to  be  entirely  satisfactory.  When  air-dried  their  shape  was 
good  and  their  surfaces  were  fairly  smooth,  but  could  be  crumbled  too 
easily;  the  edges  were  rounded  on  some  of  the  briquets  but  sharp  on 
others  and  were  moderately  firm;  the  strength  of  the  briquets  was 
fairly  good,  but  more  binder  was  needed.  The  briquets  resisted 
water  well  in  the  absorption  test. 

In  test  349  the  briquetting  mixture  was  heated  oyer  a  gasoline 
stove  and  placed  in  the  molds  by  hand.  The  briquets  could  be 
handled  when  fresh,  but  were  not  entirely  satisfactory  on  account  of 
the  ease  with  which  their  surfaces  rubbed  oflf.  When  air-dried  their 
shape  was  good;  their  surfaces  were  slightly  rough  but  firm;  their 
edges  were  very  slightly  rounded  yet  firm;  their  strength  was  good. 
The  briquets  resisted  water  well. 

In  test  350  the  briquetting  mixture  was  dried  and  heated  with 
steam  from  the  steam  jet  for  one-quarter  minute  before  being  placed 
in  the  molds  by  hand.  The  briquets  had  an  excellent  appearance 
when  fresh  and  were  strong  enough  to  stand  handling.  After  having 
stood  for  one  hour  they  did  not  have  as  sonorous  a  sound  when  struck 
together  as  those  made  with  pitch  binder.  When  air-dried  their 
shape  was  excellent,  their  surfaces  smooth  and  firm,  and  their  edges 
sharp  and  firm.  The  briquets  were  very  strong,  but  they  did  not 
resist  the  bad  effects  of  water  well,  as  in  the  absorption  test  they 
went  to  pieces  a  few  hours  after  immersion. 

In  test  351  the  briquetting  mixture  was  heated  with  steam  from 
the  steam  jet,  instead  of  with  dry  heat  as  in  test  346.  After  heating 
for  one-quarter  minute  the  mixture  was  placed  in  the  molds  by  hand. 
The  briquets  were  a  decided  improvement  over  those  made  with  dry 
heat  (test  346)  and  were  strong  enough  to  stand  handling.  When 
cold,  the  briquets  had  a  satisfactory  appearance  and  strength  and 
did  not  rub  to  pieces  as  much  as  some  of  the  briquets  from  previous 
tests.  They  had  excellent  water-resisting  quaUties  and  absorbed  less 
water  than  those  from  test  346,  in  which  less  compression  was 
obtained. 

In  test  352  the  briquetting  mixture  was  heated  with  steam  from 
the  steam  jet  for  one-quarter  minute  and  placed  in  the  molds  by 
hand.  The  briquets  had  an  excellent  appearance  and  strength 
when  fresh  and  would  not  rub  off  easily.  When  cold,  they  were 
the  best  made  from  this  fuel,  having  firm,  hard  surfaces  and  sharp, 
firm  edges.  They  could  not  be  broken  in  the  hands.  They  stood 
the  water-absorption  test  only  three  days,  but  probably  would  have 
sufficient  weather-resisting  qualities  for  commercial  conditions. 

In  test  353  the  briquetting  mixture  was  heated  one-quarter  of  a 
minute  with  steam  from  the  steam  jet  and  fed  into  the  molds  by 
hand.  The  briquets  were  strong  enough  for  all  purposes  when 
fresh,  and  woiild  unquestionably  stand  the  handling  incident  to 
being  placed  in  storage.    The  cold  briquets  had  excellent  appearance 
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and  strength.  Little  difference  was  noticeable  between  them  and 
the  briquets  made  with  6  per  cent  of  flour  and  6  per  cent  of  water-gas 
pitch  (test  352).  Either  of  these  two  briquets  equals  in  appearance 
those  made  from  Indiana  coal.  They  stood  two  days'  inmiersion  in 
water  before  going  to  pieces,  and  may  therefore  be  sufficiently  weather- 
resisting  to  meet  conmiercial  conditions. 

SUMMABT   OF  RESULTS   OF  TESTS   OF   PHILIPPINE   COAL. 
GRUBHINO. 

The  Philippine  coal  itself  is  very  weak  and  should  be  finely  ground 
before  briquetting  (the  fineness  of  com  meal  will  be  sufficiently 
fine),  as  the  binder,  in  order  to  be  effective,  must  coat  very  small 
particles.  Then,  even  if  when  the  pressure  is  applied  the  small 
particles  should  break,  the  briquets  would  not  be  weakened  mate- 
rially. 

In  this  respect  the  briquetting  of  this  coal  differs  from  the  briquet- 
ting  of  anthracite  and  bituminous  coal,  for  the  latter  are  strong  in 
themselves  and  aU  that  is  required  of  the  binder  is  that  it  cement  the 
particles  of  the  coal  together,  as  the  individual  particles  are  strong 
enough  to  stand  the  briquetting  pressure  without  breaking. 

In  the  case  of  the  Philippine  coal,  the  high  pressure  necessary  to 
unite  the  particles  by  means  of  the  binder  is  sufficient  to  crush 
coal  particles  of  much  size,  with  a  consequent  weak  briquet;  hence 
a  liquid  binder  should  have  an  especial  advantage  for  briquetting 
this  coal,  as  it  would  tend  to  be  absorbed  into  the  particles  of  coal, 
and  if  they  should  be  crushed  by  the  briquetting  pressure  there 
would  be  sufficient  binder  present  to  keep  the  briquet  from  becoming 
weak. 

BFFECT8  OF  DBTINO. 

Briquets  made  from  the  undried  fuel  possessed  greater  strength 
than  those  made  from  the  dried  fuel.  This  difference  is  seemingly 
due  to  the  fact  that  when  moisture  is  removed  from  this  fuel  by 
drying,  the  physical  strength  of  the  fuel  is  decreased,  and  when 
pressure  is  applied  to  the  mixture  in  making  briquets,  particles  of 
coal  are  crushed,  and  some  biaders  are  not  fluid  enough  to  penetrate 
into  the  porous  structure  of  the  fuel,  as  for  example,  coal-tar  and 
water-gas  pitch;  hence  the  crushed  particles  have  no  binder  to  cement 
them  together  and  the  briquets  are  weak. 

It  was  noticed  that  the  larger  pieces  of  dried  coal  could  be  crushed 
in  the  hand,  whereas  pieces  of  the  undried  coal  of  the  same  size  were 
much  stronger.  In  tests  L  95**  and  L  101*,  6  per  cent  of  water-gas 
pitch  was  used.  In  test  L  95  of  the  undried  coal  the  briquets  had 
a  crushing  strength  of  950  pounds  per  square  inch,  whereas  in  test 
L  101  the  crushing  strength  was  only  600  pounds,  or  about  two- 


o  See  p.  80. 
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thirds  that  of  the  briquet  made  from  the  undried  fuel.  Comparing 
test  L  96,  using  4  per  cent  of  water-gas  pitch  and  undried  fuel,  with 
test  L  100,  using  4  per  cent  of  water-gas  pitch  but  dried  coal,  it  is 
found  that  the  crushing  strength  is  as  500  to  175,  or  nearly  3  to  1. 
When  8  per  cent  of  pitch  is  used,  the  difference  in  strength  between 
the  briquets  made  from  the  undried  fuel  and  the  ones  made  from  the 
dried  fuel  is  not  so  great,  the  crushing  strength  of  the  former  being 
1,240  pounds  per  square  inch,  and  that  of  the  latter  1,100  pounds 
per  square  inch.  A  comparison  of  the  briquets  made  with  starch 
binder  shows  an  even  greater  diflPerence  in  strength  between  the 
briquets  made  from  the  undried  and  the  dried  fuel.  Comparing 
test  L  104,  made  with  5  per  cent  of  starch  and  dried  fuel,  with 
test  L  139,  made  with  5  per  cent  of  starch  and  undried  fuel,  the 
dried-fuel  briquets  had  a  crushing  strength  of  less  than  50  pounds 
per  square  inch,  whereas  the  undried-fuel  briquets  had  a  crushing 
strength  of  775  pounds.  With  flour  binder  the  briquets  made  with 
undried  fuel  were  also  much  stronger  than  those  made  with  dried 
fuel.  Of  all  the  briquets  made,  those  in  which  flour  was  the  binder 
had  the  greatest  strength.  The  briquets  of  test  352,  made  with  6 
per  cent  each  of  water-gas  pitch  and  flour,  were  the  strongest  of  all, 
and  in  a  drop  test  94  per  cent  of  the  briquets  was  held  on  a  1-inch 
screen  after  five  drops.  Those  made  by  test  353  were  almost  as 
strong  as  those  of  the  previous  test,  as  they  stood  a  drop  test  with 
88  per  cent  held  by  the  1-inch  screen.  Tests  332  and  341,  made 
respectively  with  6  per  cent  of  sulphite  liquor  and  12  per  cent  of 
cell  pitch,  furnished  briquets  of  a  satisfactory  strength. 

OOHPRBSSIBILrrY . 

Laboratory  tests  of  this  coal  show  that  reduction  in  volume  of 
the  briquettiQg  mixture  under  a  pressure  of  6,000  pounds  per 
square  inch  varies  from  35  to  45  per  cent,  with  an  average  of  41.7 
per  cent. 

BINDER  BBQUIRED. 

As  a  result  of  tJiese  tests  it  was  found  that  this  fuel  could  not 
be  satisfactorily  briquetted  without  binder,  even  when  a  pressure  of 
30,000  pounds  per  square  inch  was  used. 

On  account  of  the  porosity  of  this  fuel  and  its  structural  weakness, 
a  larger  proportion  of  binder  is  required  to  make  it  into  satisfactory 
briquets  than  is  required  for  bituminous  coals. 

FROPOBTION   or  BINDER  RBQUIRBD. 

According  to  laboratory  briquetting  tests,  7  per  cent  of  the  kind 
of  water-gas  pitch  used  would  be  sufficient  to  make  briquets  of 
satisfactory  strength;  briquets  made  with  8  per  cent  of  this  pitch 
showed  an  excess  of  binder,  whereas  briquets  made  with  6  per  cent 
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were  not  quite  strong  enough.  The  tests  made  with  the  Ladley  press 
indicate  that  a  higher  percentage  of  water-gas  pitch  would  be  required 
to  make  a  commercial  briquet — ^probably  10  to  12  per  cent. 

Tests  with  the  Ladley  machine  indicated  that  8  per  cent  of  coaU 
tar  pitch  is  not  sufficient  to  produce  briquets  of  satisfactory  strength. 
It  should  be  said^  however,  that  with  more  compression  on  the 
machine  8  per  cent  of  coal-tar  pitch  might  be  found  to  be  sufficient. 

Flour  binder  made  stronger  briquets  from  this  fuel  than  any  other 
one  binder,  but  briquets  made  with  flour  binder' alone  did  not  stand 
the  water  as  well  as  those  made  with  pitch  alone  or  with  a  compound 
binder  of  pitch  and  flour. 

Ten  per  cent  of  sulphite  Uquor  furnished  a  briquet  of  sufficient 
strength  but  deficient  in  water-resisting  qualities.  Twelve  per  cent  of 
cell  pitch  produced  a  briquet  of  sufficient  strength  but  deficient  in 
water-resisting  qualities. 

More  than  5  per  cent  of  starch  binder  would  be  required  to  produce 
a  briquet  of  satisfactory  strength,  and  probably  8  to  10  per  cent 
would  be  sufficient.  None  of  the  binders  used  gave  satisfactory 
results  with  the  dried  fuel. 

HEAT  VALUES. 

The  heat  values  of  briquets  made  with  dried  fuel  were  1  to  8  per 
cent  higher  than  the  fuel  as  received  at  the  plant,  this  increase  of 
heat  value  being  largely  due  to  the  decrease  of  moisture  present. 
The  briquets  made  from  the  undried  fuel  showed  an  improvement  in 
heat  value  of  5  to  8  per  cent  when  the  briquets  were  allowed  to  stand 
for  a  few  days  after  being  made.  The  heat  value  of  the  briquets 
is  approximately  9,500  British  thermal  units  per  pound. 

BHODE  ISLAND  NO.  1. 

Graphitic  anthracite  run-of-mine  coal  from  Cranston,  Providence 
County  (near  Providence),  was  designated  Rhode  Island  No.  1,  and  a 
part  of  the  sample  was  used  in  mixture  with  Utah  No.  1  coal  in  briquet- 
ting  test  127,  with  Utah  No.  2  coal  in  briquetting  test  133,  with 
Pennsylvania  No.  15  in  briquetting  test  184,  and  with  Pennsylvania 
No.  18  in  briquetting  test  243.  Steaming  tests  414  and  415  were  made 
of  briquets  from  briquetting  test  127,  and  steaming  test  416  was 
made  of  briquets  from  briquetting  test  133. 

Analyses  of  this  fuel  and  details  of  the  briquetting  tests  are  pre- 
sented in  the  sections  dealing  with  the  coals  with  which  this  fuel  was 
mixed  as  mentioned  in  the  preceding  paragraph. 

BHODB  ISLAND— PITTSBXTBGH  NO.  10. 

A  sample  of  four  barrels  of  run-of-mine  graphitic  anthracite  coal 
from  Cranston  mine,  Cranston,  Providence  County,  was  designated 
Pittsburgh  No.  19,  and  briquetting  test  316  was  made  with  this 
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sample.  The  briquets. made  in  this  test  were  delivered  for  steaming 
tests  to  the  company  furnishing  the  sample  of  coal. 

Excellent  briquets  were  made  with  6  per  cent  of  pitch.  Even 
less  binder  might  have  been  sufficient,  but  the  small  quantity  of  the 
sample  permitted  making  only  one  test  on  the  English  machine. 
However,  laboratory  tests  on  the  hydrauhc  press  indicated  that  4 
per  cent  of  binder  is  sufficient  to  produce  a  strong  and  satisfactory 
briquet. 

It  will  be  noted  tliat  the  briquets  had  a  very  high  specific  gravity 
owing  to  the  high  specific  gravity  of  the  coal  used.  The  briquets 
obtained  were  very  strong  and  difficult  to  fracture  and  had  firm 
edges.  A  smoother  briquet  could  have  been  made  if  the  material 
used  had  been  fine  slack  or  more  finely  ground,  but  the  sample  used 
was  too  hard  to  be  ground  fine  by  the  equipment  available  at  the 
time  of  the  test.  As  all  of  the  briquets  made  were  sent  away, 
no  drop  or  tumbler  tests  could  be  made  of  them. 

Enqueuing  tests. 


1        Tost  310. 

Test  816. 

Size  as  shipped 

r.  0.  m. 

6.0 
40.0 
22.0 
13.0 
19.0 

English. 
102 

Betalla  of  manufiusture— Contd . 
Binder- 
Kind 

Size  as  used: 

Over  1  inch percent.. 

fy  inch  to  i  inch do ... . 

Aincb  tOtVii^^ do.... 

AtachtoAinch do.... 

Through  ^inch do.... 

Details  of  manulacture: 

W.  G.  P. 

Laboratory 
Amount. . . 
WelSitol^ 
Fuel  brique 
Briquets,  a^ 
Specific  gravity  (ap] 

Ko... .:.:.:.:. 

5M0 

percent.. 

tted..  pounds.. 
renige...do — 
[Mirent) 

6 

810 
4.7» 
1.764 

Briquetting  temperature .  *F . . 

Chemical  analyses  of  coal  and  briquets. 

Ra^ 

v'fuel. 

Test  316, 

Laboratory  No 

7790 

7843 

Moisture 

percent.. 
do... 

451 

3.46 

a.  67 

33.36 

.12 

2.31 

Volatile  matter 

4.69 

Fixed  carbon 

.     do-  .. 

70.02 

Ash .                                                         do 

22. 9B 

Bulnhur 

do 

.29 

Extraction  analyses. 

1 

1 

Fuel. 

Briquets. 

Pitch. 

R.I. 
No.  I. 

Test  316. 

5040 

7790 
4.00 

7843 

Air-drying  loss 

percent 

Extract  by  CS«  (as  received) ... ... 

.' do 96.60 

Heat  value 

B.  t.u.. 

16,780 

8.411 

10,247 

' 
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Bituminous  run-of-mine  coal  from  Fork  Ridge,  Claiborne  County, 
on  the  Louisville  &  Nashville  Railroad,  was  designated  Tennessee 
No.  1,  and  18,600  pounds  of  the  washed  sample  was  used  in  briquet- 
ting  test  130.  Steaming  tests  409  and  411  were  made  of  briquets 
from  briquetting  test  130. 

Briquets  made  on  the  English  machine  with  5  and  6  per  cent  of 
binder  were  good  and  firm;  their  edges  and  surfaces  were  harder 
with  6  per  cent  than  with  5  per  cent  of  binder.  The  fractiu'es  of 
both  were  sharp  and  clear. 

Briquets  made  on  the  Renfrow  machine  with  6  and  6.5  per  cent 

of  binder  showed  dull  fracture,  their  edges  broke  easily,  and  their 

surfaces  were  too  soft.     Those  made  with  7  per  cent  of  binder  were 

satisfactory,  having  a  clear  fracture  and  sharp  edges;  they  broke 

without  crumbling. 

Briquetting  tests. 


Test  No. 

130A. 

130B. 

130C. 

130D. 

130E. 

Size  89  shipped 

R.  0.  m. 

2.5 

7.7 

17.8 

241 

47.9 

English. 

180 

W.  G.  P. 

3410 

5 

3.28 

844 
16.6 

201 
B 

R.  o.  m. 

2.5 

7.7 

17.8 

241 

47.9 

English. 

180 

W.  G.  P. 

3410 

6 

3.28 

R.  0.  m. 

2.6 

7.7 

17.8 

241 

47.9 

Renfrow  No.  1. 

140 

W.  G.  P. 

8410 

6 

0.60 

R.  o.  m. 

2.6 

7.7 

17.8 

241 

47.9 

Renfrow  No.  1. 

149 

W.  G.  P. 

3410 

6.6 

0.60 

R.  0.  m. 

Sizeasused: 

Ov«r  4  inch,  .per  cent. . 

jwinchtoiinch.do.... 

AtorfitoAlnch,p€r 

cent 

2.6 
7.7 

17.8 

^  inch  to  A  inch,  per 
cent 

241 

Throngh  A  inch,  per 
cent 

47.9 

Machine  used 

Renfrow  No.  1. 

Briquetting  tempera- 
ture  •F.. 

Binder— 

ITind   . 

149 
W.  G.  P. 

Laboratory  No 

Amonnt.per  cent. . 
Average  weight  of 
briquet,  pounds. 
I>iop  test  (1-fiich  soeen): 

Held percent.. 

Passed.  .       ...do    .. 

3410 
7 

0.60 

Weather  test: 

Time  exposed. .  .days. . 
Condition , 

201 
B 

201 
B 

201 
B 

201 
B 

Chemical  analyses  of  coal  and  briquets. 


• 

Test  130. 

Test  130, 

Laboratory  No.                                                                        .              

Proximate: 

Moisture.                               .... 

per  cent. . 

2.62 

37.09 

64  32 

6.97 

1.17 

6.08 

79.02 

1.70 

6.87 

1.99 

Vof^tfl^  Fn^tt4»- 

do 

36.66 

do.... 

6414 

Ash 

do.... 

7.30 

Sulphur 

do.... 

1.12 

Ultimate: 

Hydrogen                              

do.... 

484 

Ciurbon 

do.... 

77.39 

Nitrogen. 

do.... 

1.53 

OXTESD 

do    .. 

7.64 
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Extraction  oTialyies, 


Pitch. 

FueL 

Briquets. 

Tenn. 
No.L 

Test  130. 

Laboratory  No 

9410 

Air-drying  loss 

.  .  .  .    war  cent. 

2.50 
3.16 

1  00 

Extract  by  CSj  (as  received) 

Pitch  In  briquet  by  analysb 

.:.:;...;;::.;:;;.^.dS^:: 

do.... 

7».W 

4.M 

3.07 

Heat  value 

B.t.u.. 

1«,478 

12,  MO 

13, 7» 

TENNESSEE  NO.  4. 

Bituminous  run-of-mine  coal  from  a  mine  situated  3  miles  north  of 
Oliver  Springs,  Roane  County^  on  the  Louisville  &  Nashville  Rail- 
road, was  designated  Tennessee  No.  4,  and  a  part  of  the  sample  was 
used  in  briquet  ting  test  120;  part  was  mixed  with  miscellaneous  No. 
5  (coke  breeze)  in  briquetting  tests  150  and  151.  Steaming  test  405 
was  made  of  briquets  from  briquetting  test  120. 

In  test  120,  briquets  made  on  the  English  machine  at  a  tempera- 
ture of  179.6°  F.,  with  an  average  weight  of  3.3  pounds  and  with  5 
per  cent  of  binder,  were  easily  broken,  showing  cracks  with  soft 
edges;  briquets  made  with  5.5  per  cent  of  binder  showed  improve- 
ment, but  the  edges  were  not  sharp,  and  the  briquets  were  easily 
broken;  those  with  6  per  cent  of  binder  were  satisfactory,  showing 
firm  edges,  hard  surfaces,  and  clean,  sharp  fracture;  those  with  6.5 
per  cent  of  binder  showed  improvement  in  surfaces  and  edges.  In 
the  drop  test  with  briquets  containing  5  per  cent  of  binder  the  1-inch 
screen  held  83.3  per  cent;  with  5.5  per  cent  of  binder  85.4  per  cent 
was  held.  Briquets  made  on  the  Renfrow  machine,  at  a  temperature 
of  149®  F.,  an  average  weight  0.4  pound,  and  6,  6.5,  and  7  per  cent  of 
binder,  had  smooth,  firm  surfaces  and  slightly  soft,  though  generally 
satisfactory,  edges;  7.5  per  cent  of  binder  made  the  best  briquet  of 
the  lot;  all  surfaces  and  fractures  were  entirely  satisfactory. 

In  test  150,  80  per  cent  of  Tennessee  No.  4  and  20  per  cent  of  mis- 
cellaneous No.  5  (coke  breeze)  were  used.  Briquets  with  8  per  cent 
of  binder  were  satisfactory,  with  no  difference  in  appearance  from 
those  made  from  Tennessee  No.  4  alone.  They  were  tough  when 
warm,  easily  handled  and  stored,  and  had  rough  but  hard  surfaces. 
The  briquets  were  difficult  to  break,  and  the  fracture  was  uneven, 
although  the  edges  were  firm.    The  structure  was  porous. 

In  test  151,  75  per  cent  of  Tennessee  No.  4  and  25  per  cent  of  mis- 
cellaneous No.  5  were  used.  With  the  increased  percentage  of  coke 
breeze  the  briquets  were  easily  broken  when  warm,  although  the}' 
were  sufficiently  tough  after  cooling. 
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Test  No. 

120. 

ISO. 

151. 

SiMMUBed: 

Orer  i  Inch per  cent . . 

-i^lnrii  toiinch do — 

Ainchtoi^iiuA do.... 

A  inch,  to  A  Inch do 

ifnderAindx do.... 

Details  of  manofBcture: 
liTfiobiiietHwd 

3.2 
11.4 

19.9 
26.0 
40.0 

^] 

W.  G.  P. 
3410 
(«) 

44,000 
(•) 

214 
B 

3.2 
10.9 
18.6 
25.8 
41.5 

Renftov  No.  1. 
140 

W.  G.  P. 

3410 

8 

40,000 
!532 

214 
B 

3.2 
10.0 
18.6 
25.8 
41.5 

Renfrow  No.  1. 

Temperature  of  briquets "F. . 

Kind  , .   , 

140 
W.  G.  P. 

T  Aboratory  No 

3410 

Amount percent.. 

Welriitof- 

Puel  briquetted pounds . . 

Briquets,  average do — 

Time  exposed days.. 

Condition 

8 

40,000 
.513 

214 
B 

o  See  notes  preceding  table. 
Chemical  analyses  of  coal  and  briquets. 


Laboratory  No 

Proximate: 

Moisture. 

Volatile  matter.. 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen. 

Carbon 

Nitrogen 

Oxygen 


.per  cent. 

..rr.do... 

do... 

do... 

do... 


.do... 
.do... 
.do... 
.do... 


Tennes- 
see No.  4. 


3058 

6.39 
32.32 
61.76 

0.53 

.08 

5.02 

74.05 

1.67 

7.13 


Miscel- 
laneous 
No.  4. 


10.72 
406 
7S.2S 
11.05 
1.02 


Test  120. 


2.88 
35.78 
53.84 

7.50 
.01 

4.73 

77.03 

1.70 

6.80 


Test  150. 


2.66 
81.01 
57.42 

8.12 
.92 

4.34 
78.53 
1.71 
6.15 


Test  151. 


3367 

2.71 
20.56 
68.41 

0.32 
.03 

4.15 

78. «) 

1.67 

5.60 


Extraction  analyses. 


Laboratory  No 

Air-drying  loss per  cent. . 

Extracted  by  CSt  (as  received) do. . . . 

Pitch  in  briquet  by  analysis do — 

Heatvalne. B.  t.  u.. 


Pitch. 


8410 


79.08 
'i6"478 


Fuel. 


Tennes- 
see No.  4. 


3068 
4.70 
1.38 


12,578 


Miscel- 
laneous 
No.  5. 


8.80 
.59 


11,036 


Briquets. 


Test  120. 


1.10 

5.75 

5.56 

13,678 


Test  150. 


0.60 

6.23 

7.29 

13,536 


Test  151. 


3367 
0.60 
6.62 
7.51 
13,154 


TENNESSEE  NO.  7B. 

Bituminous  alack  coal,  through  a  plate  perforated  with  one-fourth 
by  1  inch  holes,  from  Wilder,  Fentress  County,  on  the  Southern 
Sailway,  was  designated  Tennessee  No.  7B,  and  7,000  pounds  of  the 
washed  sample  was  used  in  briquetting  test  121.  Steaming  test 
406  was  made  of  the  briquets  from  briquetting  test  121. 
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Briquets  with  5.5  and  6  per  cent  of  binder  had  firm  edges,  but 
their  surfaces  were  slightly  crumbly  when  rubbed;  they  broke  with  a 
clean  fracture,  leaving  a  firm  surface;  those  with  6.5  and  7  per  cent 
of  binder  had  hard  and  smooth  surfaces,  with  a  hard  and  firm  frac- 
ture. Not  enough  coal  was  furnished  to  make  briquetting  tests  on 
the  Renfrew  No.  1  machine  or  steaming  tests  of  unbriquetted  fuel. 

Briquetting  tests. 


Test  No. 

121A. 

121B. 

121C. 

121D. 

Site  as  used: 

Over  ^  inch 

A  Inch  to  iinch 

....percent.. 

do.... 

do.... 

do.... 

do.... 

1.8 
10.8 
19.0 
21.0 
47.4 

English. 
179.6 

W.  O.  P. 

3410 

6.6 

3.08 

78.3 
21.7 

200 
B 

Ainch  to/i(inch 

Through^  inch 

Details  of  manufacture: 

English. 
179.6 

W.  O.  P. 

3410 

6 

3.08 

79.9 
20.1 

200 
B 

English. 
179.6 

W.  G.  P. 

3410 

6.6 

3.06 

89.6 
10.5 

200 
B 

English. 

Briquetting  temperature 

KhxA^ 

•F.. 

179.6 
WOP 

T/ftboratory  No 

3410 

Amount . .' 

Average  weight  of  briquet. . . 
Drop  teatTl-inch  screen): 

pasKid:;;;;;;;.';.;;.;.;.;.'.;; 

Weather  test: 

Time  exposed 

Condition 

....percent.. 
pounds.. 

percent.. 

do.... 

days. . 

7.0 
3.08 

95.2 

4.8 

200 
B 

Chemical  analyses  of  coal  and  briquets. 


Car 
sample. 

T«rtl21. 

Laboratory  No 

3186 

7.51 
31.74 
50.63 
10.12 

2.26 

Proximate: 

Moisture 

percent  . 

8.37 

Va1a<^I1a  mi^tt^    , 

do 

35.80 

Fixed  carbon 

do.... 

60.77 

Ash 

do.... 

10.06 

Sulphur 

do.... 

2.09 

Ultimate: 

.  .  .               do..  . 

5.02 

Carbon 

do.... 

75.68 

do.... 

1.36 

Oxygen 

rio 

5.47 

Extraction  analyses. 


Pitch. 


Fuel.     I  Briquets. 


Tenn. 
No.  7B. 


Teat  121. 


Laboratory  No 

A  ir-drylng  loss 

Extracted  by  CS|<as  received).. 
Pitch  in  briquet  by  analysis. . . . 
Heat  value 


.percent.. 

do.... 

do.... 

...B.t.u.. 


3410 


79.98 
'i6*478" 


3186 
6.10 
1.84 


12,447 


L80 

6.06 

5.39 

13,080 
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Car  sam- 
ple 9B. 

Car  sam- 
ple QC. 

Test  122. 

LabontoryNo - 

3114 

5.68 
25.36 
50.41 
18.56 

0.74 

4.65 

64.87 

1.27 

5.16 

3115 

4.68 
28.75 
57.31 
9.26 
0.65 

4.74 
77.48 
1.30 
6.09 

3338 

Proximate: 

Moisture 

Volatfle  matter 

Fixed  carbon. 

Aah                               

per  cent . . 

do.... 

do.... 

do.... 

4.24 
29.80 
56.10 

9.86 

Bnlidiur 

do.... 

0.79 

Ultimate: 

HvHrngwn 

do.... 

4.60 

Carbon 

do.... 

77.00 

Nitrogen 

do.... 

1.43 

Oxygen 

do.... 

5.84 

Extraction  analyses. 


Pitch. 

Fuel 

Brtqueta 

Tenn. 
N0.9B. 

Tenn. 
N0.9C. 

Test  122. 

lAboretory  No 

3410 

3114 
4.70 
0.19 

8115, 
3.30' 

3338 

Air^<b7^lMB 

Extracted  by  CSt  (as  received) 

Piteh  In  briquet  by  analysis 

HeatTaloe 

percent  . 

2.50 

do.... 

do 

79.98 

5.31 

6.41 

B.t.u.. 

16,478 

11,460 

13,163 

13,047 

TENmSSSEE  NOS.  9B  AND  9C  (WASHED  SLACK). 

Bituminoxis  slack  coal  from  Coalmont,  Grundy  County,  on  the 
Nashville,  Chattanooga  &  St.  Louis  Railway,  was  designated  Ten- 
nessee No.  9B  after  washing,  and  14  tons  of  slack  as  shipped  was 
d^ignated  Tennessoo  No.  9C.  A  mixture  of  9B  and  9C  was  used  in 
briquetting  test  122.  Steaming  test  393  was  made  of  briquets  from 
the  above  test. 

In  test  122  the  size  of  the  coal  used  was  as  follows :  Over  one-fourth 
inch,  1.2  per  cent;  one-tenth  inch  to  one-fourth  inch,  5.5  per  cent; 
one- twentieth  to  one-tenth  inch,  12.5  per  cent;  one-fortieth  inch  to 
one- twentieth  inch,  23.8  per  cent;  through  one-fortieth  inch,  57  per 
cent.  The  English  machine  was  used,  the  temperature  of  the  briquets 
being  179.6°  F.;  kind  of  binder,  water-gas  pitch;  laboratory  number, 
3410;  weight  of  fuel  briquetted,  14,400  pounds;  average  weight  of 
briquets,  3.24  pounds. 

With  5.4  and  5.6  per  cent  of  binder,  the  briquets  were  fairly  good, 
but  somewhat  crumbly  at  the  edges.  With  6.6,  7,  and  8  per  cent  of 
binder,  the  outer  surfaces  were  very  firm  and  smooth,  the  fracture  was 
coarse  but  not  crumbly,  and  the  broken  surfaces  were  very  hard.  In 
the  drop  test,  with  7  per  cent  of  binder,  the  1-inch  screen  held  85.6 
per  cent.  In  the  weathering  test  the  condition  of  all  binders  after 
being  exposed  222  days  was  B.  Not  enough  coal  was  furnished  to 
make  briquets  on  the  Renfrow  No,  1  machine  for  comparative  tests. 
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TBNNBSSBE  NO.  10. 

Bituminous  slack  coal  from  a  mine  located  1  mile  north  of  Orme, 
Marion  County,  on  the  Nashville;  Chattanooga  &  St.  Louis  Railway, 
was  designated  Tennessee  No.  10.  A  part  of  the  sample  was  used  in 
briquetting  test  128.  Steaming  tests  407  and  408  were  made  of  the 
briquets  from  the  above  test. 

In  test  128  the  details  were  as  follows:  Condition  of  coal,  1-inch 
slack,  washed;  kind  of  binder,  water-gas  pitch;  laboratory  number, 
3410;  weight  of  fuel  briquetted,  35,400  pounds.  The  briquets  made 
with  the  three  percentages  of  pitch  (5.5,  6.5,  and  6.7)  were  all  good. 

Briquets  made  on  the  English  machine  at  a  temperature  of  175^  F. 
and  with  5.5  per  cent  of  binder  had  an  average  weight  of  3.63  pounds 
and  could  be  roughened  slightly  by  rubbing;  their  outer  surfaces 
crumbled  slightly  when  broken.  Briquets  with  6  and  6.5  per  cent  of 
binder  could  be  roughened  slightly  by  rubbing;  their  outer  surfaces 
were  hard  and  smooth,  and  their  broken  surfaces  very  hard  and  rough. 
In  the  drop  test  of  briquets  with  5.5  per  cent  of  binder  the  1-inch 
screen  held  81.7  per  cent,  with  6  per  cent  of  binder  the  screen  held 
90.1  per  cent,  and  with  6.5  per  cent  of  binder  the  screen  held  89.1  per 
cent.  In  the  weathering  test  all  briquets  were  exposed  203  days, 
when  their  condition  was  B. 

Renfrow  No.  1  machine  briquets  made  at  149*^  F.  with  6  per  cent  of 
binder  had  an  average  weight  of  0.53  poimd  and  showed  crumbly, 
fractured  surfaces.  With  6.5  per  cent  of  binder  the  briquets  were 
tougher  and  did  not  break  as  easily,  and  broken  surfaces  were  firm, 
but  the  briquets  seemed  to  lack  pitch.  In  the  weathering  test  briquets 
with  both  binders  were  exposed  204  days,  when  their  condition  was  B. 

Chemical  analyses  of  coal  and  briquets. 


FueL 

TCBtlSB. 

Test  128. 

LfthnnAtpry  No .  _ 

33£9 
7.02 

Proxiiiutte: 

Moisturo 

VolatU«  matter 

per  cent. . 

do 

2.46 

ao.80 

61.80 
14.86 
1.02 

4.47 

71.53 

1.30 

&43 

2. 88 
80.84 

■pixed  ofirbon 

do.... 

#.66 

Ash 

do 

13.76 
.96 

16k  73 

Sulphur 

do.... 

.96 

Ultimate: 

Hydrogen 

do.... 

4.56 

Carbon 

do 

Ml  82 

Nitrogen 

do.... 

.92 

Oxyeen 

An 

6.4S 

Extraction  analyses. 


Laljoratory  No 

Air-drying  loss 

Extracted  by  GS|  (aa  reoeived). 

Pitch  in  briquet  by  analysis 

Heat  value 


.per  cent. 
..  ..do... 

do... 

...B.t.u. 


PllQh. 


3410 


79.08 
"16,478 


Fuel, 
Tann. 
No.  10. 


SS50 
6.20 
1.32 


11,806 


BriqualB, 

testis. 


1.3 

&96 

7.19 

11,820 
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TEXAS  NO.  4. 

Lignite  ruu-of-mine  coal  from  Hoyt,  Wood  County,  on  the  Mis- 
souri, Kansas  &  Texas  Railway,  was  designated  Texas  No.  4.  A 
part  of  the  sample  was  used  in  briquetting  test  112  at  St.  Louis. 
The  briquets  were  too  unsatisfactory  for  use  in  steaming  tests.  No 
analysis  was  made  of  the  briquets. 

The  details  of  test  112  were  as  follows:  Machine  used,  English; 
temperature  of  briquets,  179.6*'  F.;  kind  of  binder,  coal-tar  pitch; 
laboratory  number,  2933;  percentage  of  binder,  6,  6,  7,  and  8  per  cent; 
weight  of  fuel  briquetted,  4,500  pounds. 

The  briquets  were  of  a  brown  color  and  full  of  cracks.  The  differ- 
ent percentages  of  binder  had  no  relative  effect  on  their  firmness; 
all  fell  apart  when  the  pitch  hardened.  None  burned  well  or  was 
satisfactory.  They  did  not  swell  nor  crack,  but  gradually  disinte- 
grated in  ihe  fire,  burning  slowly  with  characteristic  lignite  sparking. 
In  the  weathering  test  all  briquets  were  exposed  75  days,  when  their 
coixdition  was  D. 

The  unsatisfactory  results  obtained  with  this  fuel  were  probably 
due  to  the  excessive  proportion  of  moisture  present.  With  the  English 
machine  it  was  impossible  to  control  the  moisture  added  in  the  mixing 
and  softening  of  the  pitch,  and  as  no  dr3ang  was  done  before  briquet- 
ting,  the  affinity  of  lignite  for  moisture  caused  a  large  absorption  of 
moisture;  as  the  briquets  cooled  they  also  dried  to  some  extent,  re- 
sulting in  the  cracking  of  the  briquets  mentioned  above.  With  the 
lignite  dried  sufficiently  before  briquetting  and  with  a  suitable  mixer 
and  press,  much  more  satisfactory  briquets  could  probably  have  been 
made  from  this  fuel,  as  the  results  obtained  were  in  large  measure  due 
to  the  unsuitability  of  the  briquetting  equipment  for  use  with  lignite. 

Chemical  analysis. 


Car 
Miniple. 

Car 

sample. 

Labontory  No - 

2717 

33.85 

27.60 

31.35 

7.30 

.51 

tntlmate: 

Hydrofsen... 

Carbon 

Nitrogen.... 
Oxygen 

peroent.. 
....do.... 
...do.... 
....do.... 

PsoiJiMte: 

Moisture per  cent. . 

Volatile  matter do.... 

Fixed  carbon do.... 

AA       do 

4.41 
65.18 

1.07 
17.53 

Sulphur do. .  - . 

Extraction  analyses. 

Pitch. 

Fuel, 
Tex. 
No.  4. 

T«abnntorj  No , ,  .  . 

2883 

2717 

...percent.. 

2&70 

EztnotodbyCSflCaeieoeiTed) 

Heat  value  (as  received) 

do.... 

....B.  t.u.. 

6420 

16,837 

7,407 
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TEXAS— PITTSBTTBrOH  NO.  7. 

A  3-car  shipment  of  lignite  from  the  Big  Lump  mine,  3i  miles 
northeast  of  Rockdale,  Milam  County,  Tex.,  was  designated  Pitts- 
burgh No.  7. 

House-heating  boiler  tests  H23,  H24,  H30,  H45,  and  H46  were 
made  of  this  fuel,  but  the  larger  part  of  the  shipment  was  used  in 
preliminary  briquetting  experiments  to  adjust  the  drier,  cooler,  and 
press  of  the  German  plant.  This  lot  was  the  first  to  arrive  at  the 
Pittsburgh  testing  station.  Considerable  diflSculty  was  experienced  in 
making  it  into  briquets,  and  the  shipment  was  exhausted  before  sat- 
isfactory results  were  obtained.  It  is  hoped  that  further  tests  of  this 
lignite  may  be  made  under  more  favorable  conditions. 

Mr.  Lehmann,  the  representative  of  the  German  company  that 
furnished  the  lignite-briquetting  plant,  remained  at  Pittsburgh  until 
the  plant  was  in  good  working  condition.  The  tests  of  the  first  sample 
of  lignite  were  therefore  under  his  direction.  Most  of  these  tests  were 
preliminary,  and  it  was  impossible  to  obtain  a  complete  record  of 
them,  so  only  a  general  statement  of  conditions  and  results  can  be 
given. 

The  briquetting  material  in  the  various  tests  contained  different 
proportions  of  water,  ranging  from  2.3  to  11.2  per  cent,  and  different 
pressures,  from  very  light  to  the  heaviest  possible,  were  applied  to  it. 
From  some  of  the  tests  the  briquets  were  poorJy  formed,  rough,  and 
scaly,  but  were  fairly  strong;  from  other  tests  the  briquets  were  well 
formed  but  weak. 

Only  one  cohesion  (drop)  test  was  made  of  the  briquets  obtained, 
because  most  of  the  tests  gave  only  pieces  of  briquets.  In  the  one 
test  made  only  24  per  cent  was  held  by  a  1-inch  screen. 

The  best  briquets  were  made  by  using  material  that  contained  11.2 
per  cent  of  moisture  and  applying  a  rather  light  pressure.  The  results 
seemed  to  show  that  for  the  best  results  with  the  German  machine 
the  ground  and  dried  lignite  should  contain  between  8  and  12  per  cent 
of  moisture,  and  that  the  pressure  used  should  be  moderate— about 
that  obtained  by  using  a  set  of  dies  so  ground  that  in  a  length  of  about 
80  ntun.  the  decrease  in  height  would  be  3  to  4  mm. 

As  a  general  conclusion,  it  may  be  said  that  this  lignite  is  deficient 
in  natural  binding  material,  and  although  it  can  be  briquetted  without 
artificial  binder  on  a  machine  of  the  type  used,  such  a  machine  did  not 
make  briquets  of  satisfactory  form  and  strength  from  it.  To  deter- 
mine the  best  conditions  for  briquetting,  further  tests  are  needed. 
It  is  probable  that  the  lignite  will  make  entirely  satisfactory  briquets 
if  an  artificial  binder  and  a  different  type  of  press  are  used. 

The  following  proximate  analyses  show  the  changes  in  compositi<m 
of  the  sample  during  transportation  from  the  mine  to  the  plant,  a 
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period  of  29  days,  and  after  storage  at  the  plant  for  i7  and  38  days, 

respectively: 

Chemical  analyses. 


Date  taken 

Laboratory  No 

Proximate: 

Air-drying  Ion per  cent 

Koiature do.. 

Volatile  matter do.. 

Fixed  carbon do.. 

Aah do.... 

Sulfkhur do. 

Ultiniate: 

Hydrogen do. 

Carbon do. 

Nitrogen do. 

Oxveen do. 

Extract  oy  CSi  (moisture free) do. 

Heatvaloe B.  1. 1 


Mine 
sample. 


Feb.    1 
7270 

81.60 
35.30 
26.22 
29.58 
&00 
.76 


L898 


car 
sample. 


Mar.    1 
7360 

25.10 
33.38 
27.44 
20.62 
0.66 
.94 

4.50 
62.01 

1.01 
16.63 

1.23 
7,189 


Plant  samples. 


Afterl7 
days. 


Mar.  18 
7433 

25.70 
31.72 
26.81 
31.07 
9.60 
.91 


7,423 


After  81 
days. 


Apr.      8 
7554 

25.80 
80.96 
29.04 
30.41 
0.57 
.92 


1.16 
7,301 


TEXAS— PrrrSBUBGH  NO.  8. 

A  sample  shipment,  2  cars,  of  }-inch  lump  lignite  from  the  Carr 
mine  No.  3,  2  miles  southwest  of  Lytle,  Medina  County,  Tex.,  was 
designated  Pittsburgh  No.  8  and  was  tested  on  the  German  press 
without  binder. 

This  lignite  had  a  dark-brown  color.  It  weathered  very  rapidly, 
exposure  to  a  single  rainstorm  causing  lumps  to  crack  in  all  directions. 
After  it  had  been  wet  and  dried  a  few  times  the  sample  crumbled 
entirely  to  slack. 

Gas-producer  test  180  and  briquetting  tests  293,  295,  and  296  were 
made  of  this  fuel,  and  several  preliminary  briquetting  tests  for 
adjusting  the  German  press  when  being  installed  were  also  made. 

Several  preliminary  tests  were  made  xmder  the  direction  of  Mr. 
Lehmann.  In  the  jBrst  of  these,  with  a  steam  pressure  of  5  poxmds  in 
the  drier,  the  percentage  of  moisture  in  the  fuel  was  reduced  from  30 
per  cent  to  11.2  per  cent.  A  rather  low  pressure  in  the  molds  pro- 
duced well-formed  but  weak  briquets. 

Material  containing  10  per  cent  of  moisture,  and  subjected  to  a  high 
pressure,  furnished  briquets  that  had  poor  form  and  rough  surfaces, 
but  they  were  much  stronger  than  those  made  in  the  first  test.  The 
roughness  of  surface  was  largely  caused  by  steam  (generated  while  the 
briquet  was  being  formed  under  high  pressure)  that  blew  out  around 
the  sides  of  each  briquet  just  before  it  left  the  mold.  The  dust  blown 
out  by  the  steam  was  disagreeable  to  breathe  and  at  times  formed 
clouds  that  darkened  the  whole  room. 

In  the.  next  test,  material  containing  8.4  per  cent  of  moisture  was 
subjected  to  a  high  pressure.    The  briquets  were  better  formed  and 
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smoother  than  in  the  previous  test,  and  were  the  strongest  yet  made 
from  the  lignite. 

In  the  fourth  test  the  material  contained  6  per  cent  of  moisture, 
but  the  same  high  pressure  was  used.  The  briquets  were  still  better, 
being  well  formed  and  strong.  Another  test,  with  the  material  con- 
taming  only  3.6  per  cent  of  moisture,  gave  the  best  briquets  obtained 
from  this  fuel.  However,  with  this  low-moisture  content  the  mold 
pressure  was  too  great  for  the  press,  and  after  an  hour's  run  the 
main  bearing  of  the  connecting  rod  became  so  hot  that  the  press  had 
to  be  stopped. 

The  following  table  simomarizes  the  essential  data  of  the  tests 
made  with  this  sample  of  lignite: 

Summary  of  tests. 


Test  No. 

Moisture 
in  briauet 
material. 

Pressure  In 
mold. 

Character  of  briquets. 

Remarks. 

Form. 

Strength. 

pTAllinhiAry 

Per  cent. 
11.2 
10.0 
8.4 
6.0 
3.6 
8.7 
7.7 
12.2 

Low 

H101 

do 

do 

do 

do 

Very  high... 
do 

Good 

Poor 

Fair 

Good 

do 

do 

None  made.. 

Fair 

Weak 

Strong 

do 

do 

do 

Good 

PrARsnrA  in«iiflW«i«ant 

d5™.„. :.:....:... 

Briquets  rough. 

Do 

Do 

Better  than  preTious  lot. 
Best  lot 

Do 

293 

296 

Material  too  dry. 
Material  too  fine. 

296 

Weak 

In  the  first  oflScial  test  (293)  the  material  contained  8.7  per  cent  of 
moisture,  and  a  high  pressure  was  applied.  About  61  per  cent  of  the 
material  that  reached  the  press  was  coarser  than  one-twentieth  inch, 
but  practically  all  of  this  61  per  cent  passed  through  a  screen  with 
J-inch  mesh.  The  results  indicated  that  it  is  weD  to  have  the  ma- 
terial as  evenly  sized  as  possible  and  containing  little  dust.  If  the 
proportion  of  dust  is  excessive,  the  material  does  not  bind  well 
and  blows  out  of  the  mold  when  pressed.  Even  sizing  is  also  desira- 
ble because  it  permits  even  drying.  The  writer  beUeves  that  this 
fuel  should  be  crushed  so  that  it  will  all  pass  through  a  i-inch 
screen,  about  60  per  cent  being  retained  on  a  -^Inch  screen. 

In  tests  295  and  296  the  dies  were  set  to  give  a  very  high  pressure. 
In  test  295  the  briquetting  material  contained  7.7  per  cent  moisture 
and  was  probably  too  dry;  it  did  not  bind;  but  fell  from  the  press  in 
the  form  of  powder,  accompanied  by  clouds  of  dust. 

In  test  296  the  dried  material  had  12.2  per  cent  of  moisture.  The 
material  probably  contained  too  much  dust,  for  the  briquets  crum- 
bled easily  and  were  not  strong  enough  to  be  handled. 

Plates  XVI  to  XXI  show  how  the  briquets  from  tests  293  and  296 
withstood  exposure  to  the  weather. 
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This  lignite  was  made  into  excellent  briquets  without  the  addition 
of  any  binder.  The  moisture  content  of  the  dried  material  should  be 
between  8  and  10  per  cent  if  a  moderate  pressure  is  used;  but  only 
about  5  per  cent,  or  even  less,  if  an  extremely  high  pressure  is  used. 
For  best  results  the  writer  recommends  that  the  material  be  pulver- 
ized so  that  about  60  per  cent  of  the  particles  are  between  one-fourth 
inch  and  one-twentieth  inch  in  diameter,  that  it  go  to  the  press  con- 
taining 10  per  cent  of  moisture,  and  that  the  briquetting  pressure  be 
20,000  pounds  per  square  inch. 

The  best  briquets  made  from  this  fuel  had  strength  enough  to  stand 
handling.  They  took  the  shape  of  the  mold  well,  their  edges  were 
firm,  and  they  had  jet-black,  lustrous  surfaces.  Such  briquets  should 
make  a  satisfactory  steam  or  household  fuel.  No  steaming  tests  were 
made  of  either  the  raw  or  the  briquetted  lignite.  The  ash  content 
(about  17  per  cent)  of  the  briquets  is  considerably  higher  than  that 
of  good-quality  bituminous  coal. 

Briquetting  this  lignite  should  improve  its  heating  value  30  to  40 
per  cent  by  reducing  the  percentage  of  moisture.  On  the  assumption 
that  in  briquetting  the  uncombined  moisture  is  reduced  from  30  per 
cent  to  10  per  cent,  1  ton  (2,000  pounds)  of  raw  fuel  will  make  1,600 
pounds  of  briquets,  or  2,500  pounds  of  raw  fuel  will  make  1  ton  of 
briquets.  The  raw  fuel  has  a  heating  value  of  6,800  British  thermal 
miits  per  pound  and  the  briquetted  fuel  has  a  heating  value  of  9,300 
British  thermal  units;  therefore  the  fuel  value  of  the  briquets  is  37 
per  cent  higher  than  that  of  the  raw  fuel.  Moreover,  the  briquets 
have  the  following  additional  advantages  over  raw  fuel: 

(a)  Being  of  imiform  size,  they  burn  more  freely  and  give  oflF  less 
smoke,  a  decided  merit  when  used  as  a  household  fuel  in  a  residence 
district. 

(6)  The  briquets  resist  the  effects  of  the  weather  much  better  than 
the  raw  fuel,  and  therefore  can  be  stored  for  a  longer  time  without 
serious  deterioration.  The  briquets  are  not,  however,  much  more 
waterproof  than  the  raw  fuel,  and  should  be  stored  under  cover;  there 
they  will  remain  in  perfect  condition  for  several  months  at  least, 
whereas  the  raw  fuel  under  similar  conditions  will  disintegrate 
rapidly. 

(c)  The  cost  of  transporting  the  briquetted  fuel  should  be  only  80 
per  cent  of  the  cost  of  transporting  enough  raw  fuel  to  furnish  the 
same  heating  value. 

92012<>— Bull.  68—13 16 
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Enqueuing  tests. 


Test  No. 


203. 


296. 


260. 


SIxe  as  shipped 

Size  as  used: 

Over  i  inch percent.. 

A  inch  to  J  inch do 

SV  inch  to  A  inch do.... 

^Ar  inch  to  ^  inch do 

Through  ^  inch do 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature •  F . . 

Binder  used 

Tangent  of  die  angle 

Steam  pressure  on  drier pounds. . 

Weiriitof- 

Fuel  brlquetted do.... 

Briquets ,  average do 

Moisture  in  briquet  mixture per  cent . . 

Drop  test  (l-lncn  screen): 

Held do.... 

Passed do 

Tumbler  test  (1-inch  screen): 

Held do.... 

Passed ..................................................  -do .... 

Fines  through  io-meish  sieve do. . 

Weather  test: 

Time  exposed  when  examined days 

Condition  when  examined 


i'Mump. 

0.6 
30.5 
30.0 
24.5 
14.5 

Qennan. 

90 
None. 
5.5/80 

13 

11,440 
0.9 
8.73 

44 

66 

37 
63 

74 

66 
D 


i"  lump, 
as 

18.0 
28.5 
21.0 
32.0 

German. 

94 

None. 

6/80 

15 

None. 


7.68 


(•) 


}"  lump, 
as 

18.0 
28.5 
21.0 
32.0 

German. 

101 

None. 

6/80 
11 

4.840 

a: 

12.17 
(*) 


(ft) 


a  No  briquets. 


b  Briquets  too  weak  for  cohesion  test. 


The  changes  in  composition  of  the  lignite  during  transportation 
from  the  mines  to  the  plant  (25  days)  and  during  storage  (42  days) 
at  the  plant  till  used  for  one  of  the  last  tests  are  shown  by  the  follow- 
ing analyses;  analyses  of  the  briquets  or  briquetting  mixture  are 

also  included : 

Chemical  analyses  of  coal  and  briquets. 


Mine 
sample. 

Car 
sample. 

Sample 

as  used 

on  last 

test. 

Test  293. 

Test293.a 

Test  296. 

Date  taken 

Feb.  5. 
7330 

24.20 
32.92 
27.42 
27.08 
12.58 
1.46 

Mar.  2. 
7461 

96.30 
3a  77 
27.36 
28.39 
13.48 
1.62 

4.20 
57.58 

1.04 
15.37 

"■'7;679' 

Apr.  13. 
7584 

19.40 
28.00 
27.50 
32.30 
12.20 
1.60 

Laboratory  No 

7583 

1.50 
8.07 
37.31 
35.87 
18.75 
1.97 

7585 

7Q23 

Proximate: 

Air-drying  loss 

.percent.. 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur , 

Ultimate: 

Hydrogen 

5.02 
38.53 
37.81 
18.64 

2.18 

9.96 
37.84 
35.99 
16.21 

L98 

Carbon 

do.... 

do.... 

Nitrogen 

Extract  By  CSs  (moisture  free). 
Heat  value 

do.... 

do.... 

..B.  t.u.. 

'*"6,'846" 

1.91 
7.580 

1.98 
9,306 

2.14 

9,223 

a  Analysis  of  the  material  which  flaked  off  from  the  surtace  of  the  briquets. 

TEXAS— PITTSBTntaH  NO.  9. 

A  sample  shipment,  3  cars,  of  }-inch  lump  lignite  from  the  CaJvert 
mine,  6  miles  west  of  Calvert,  Robertson  County,  Tex.,  was  designated 
Pittsburgh  No.  9. 
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Gas-producer  tests  181  and  182,  house-heating  boiler  tests  H41 
and  H43,  and  briquetting  tests  297,  320,  321,  323,  327,  and  328  were 
made  with  the  German  lignite  press,  using  the  raw  lignite  without 
binder. 

Test  297  did  not  yield  any  briquets.  Seemingly  the  pressure  in 
the  mold  was  excessive;  there  may  have  been  too  little  moisture  in 
the  material  or  the  die  angle  may  have  been  too  great. 

In  test  320  a  high  pressure  was  used.  The  briquets  were  poorly 
formed  and  too  weak  to  stand  handling.  The  moisture  content  of  the 
material  was  manifestly  too  high  for  the  pressure  used.  Much  dust 
was  blown  out  aroimd  the  sides  of  each  briquet. 

In  test  321  the  same  pressure  was  used,  but  the  material  was  still 
too  moist  and  no  satisfactory  briquets  were  obtained.  The  briquets 
made  had  poor  forms  and  were  too  weak  to  stand  handling. 

The  material  was  drier  in  test  323  than  in  tests  297,  320,  and  321, 
and  contained  only  3  per  cent  of  moisture  when  it  reached  the 
machine.  It  was  also  finer.  This  material,  however,  stalled  the 
press.  After  several  attempts  to  operate  the  machiae  the  test  was 
stopped  and  the  material  remaining  in  the  hopper  was  thrown  away. 

In  test  327  the  material  was  dried  less  than  in  test  323,  and  con- 
tained 4.6  per  cent  moisture  when  it  reached  the  machine.  The  dies 
were  changed  so  as  to  give  less  pressure.  The  briquets  obtained  were 
better  than  those  made  in  test  323,  but  although  they  had  good  form 
they  lacked  strength,  and  crumbled  when  handled. 

In  the  next  test  (328)  the  percentage  of  moisture  in  the  briquetting 
material  was  raised  to  6.4  per  cent  with  beneficial  results.  The  same 
pressure  was  used  as  in  test  327.  The  briquets  were  the  best  so  far 
obtained,  but  they  were  not  strong  enough  to  stand  handling.  The 
test  was  not  completed,  however,  for  a  strong  steel  brace  having  a 
cross  section  of  3  by  5 i  inches  snapped  and  put  the  press  out  of  opera- 
tion until  another  brace  could  be  forged.  The  tests  were  suspended 
before  other  pressures  could  be  tried. 

Following  is  a  summary  of  the  most  important  features  of  the  tests 
of  this  sample  of  lignite: 

Summary  of  tests. 


TfBt 

Moisture 

in 
briquet 
material. 

Pressure  in  mold. 

Character  of  briquets. 

Remarks. 

No. 

Form. 

Strength. 

327 

Percfnt. 
4.6 
0.4 
7.0 
3.0 

6.4 
9.47 

High 

Good 

Weak 

Too  mwdi  moisture. 

328 
297 

do 

do 

do 

None  made..... . 

do 

Better  than  test  327. 
Too  much  pressure. 
Stalled  machine;  too  little  mois- 

323 

Very  high 

do 

321 

do 

Poor 

Weak 

ture  and  too  much  pressure. 
Too  much  moisture  and  dust. 

320 

do 

....  do 

do 

Do. 
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It  will  be  seen  that  the  moisture  content  in  the  briquetting  material 
varied  from  3  per  cent  to  9^  per  cent.  Two  different  pressures  were 
used,  but,  although  some  of  the  tests  gave  briquets  of  good  form,  no 
briquets  were  of  satisfactory  strength. 

To  yield  the  best  results  with  the  German  machine,  this  lignite 
should  be  ground  so  that  it  will  all  pass  a  ^-inch  screen,  but  about  60 
per  cent  will  be  retained  by  a  -g^^pinch  screen;  it  should  be  dried  till  it 
contains  10  per  cent  of  moisture.  The  die  angle  should  be  small 
enough  to  give  a  moderate  pressure.  However,  the  indications  are 
that  this  lignite  does  not  contain  enough  natural  binder  to  make  good 
briquets  on  the  German  press,  and  it  should  be  tested  with  a  Uttle 
artificial  binder  on  a  press  similar  to  the  Enghsh  machine.  The 
writer  is  inclined  to  doubt  whether  this  lignite  can  be  briquetted  at 
all  without  the  addition  of  binding  material.  However,  further  tests 
should  be  made  before  a  final  conclusion  is  reached. 

Briquetting  tests. 


Test  No. 


297. 


J20. 


327. 


328. 


Sixe  as  ship 
Bice  as  I 

Over  1  inch 

A  Inch  to  *  inch 

A  inch  to  ^  inch 

Ainchto^inch 

Through^  inch 

Details  of  manuliacture: 

Machine  used 

Briquetting  temperature. . 

Binder  used 

Tangent  of  die  angle 

Steam  pressure  on  drier — 

Weightof— 

Fuel  briquetted 

Briquets,  average 

Moisture  in  briquet  mixture. . . 


.per  cent. . 
— do — 
....do.... 
....do.... 
....do.... 


.pounds. . 

....do.... 
....do.... 
.per  cent. . 


i"  lump. 

2.0 
18.0 
30.0 
27.0 
23.0 

German. 

84 

None. 

6/89 

10 

None. 


^"  lump. 

3.0 
23.0 
28.0 
22.5 
23.5 

German. 

100 

None. 


None. 


f "  lump. 

2.5 
26.0 
28.5 
21.0 
23.0 

German. 

102 

None. 

7/89 
10 

None. 


I"  lump. 

2.5 
80.0 
28.5 
20.5 
18.5 

German. 

97 

Nonei 

7/89 

16 

None. 


}"  lump. 

2.0 
81.5 
29.0 
19.5 
l&O 


I"  lump. 

2.0 
3a6 
3a5 
19.0 
18.0 


German.  German. 

03  116 

None.  None. 

6/80  eim 

10  12 


None. 


6.98 


9.47 


6.40 


3.0 


4.6 


None. 
""&4 


The  following  proximate  analyses  show  the  changes  in  composition 
of  this  Hgnite  during  transportation  from  the  mine  to  the  plant,  a 
period  of  26  days,  and  in  storage  at  the  plant  for  81  days  until  used 
for  the  last  test.  The  fourth  column  gives  an  average  of  six  analyses 
made  on  different  dates. 
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Mine 
sample. 

Car 
sample. 

Sample 

as  used 

on  last 

test 

Average 

of  6 
samples. 

Briquet 

Briquet 

Dftte  taken                                 

Mar.  6 
7403 

29.30 
84.33 
25.94 
3a  93 
8.80 
.95 

Apr.  1 
7613 

25.40 
29.62 
27.60 
29.37 
13.41 
.98 

4.45 

67.21 

.98 

16.92 

June  21 
7950 

12.10 
23.50 
29.07 
35.74 
11.69 
.82 

Laboratory  No 

7904 

7941 

Proximate: 

.per  cent. . 

do.... 

do.... 

do.... 

do.... 

do.... 

...  .do.... 

13.17 

24.01 
29.75 
34.74 
11.50 
.91 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Ultimate:^ 

Hydrogen 

Carbon 

9.04 
37.22 
4a  88 
12.88 

1.15 

7.92 
37.33 
41.75 
13.00 

1.16 

do 

Nitrogen 

Extract  ^Csi  Vmoteture  flw')". 
Heat  value 

.  .  .do.. 

do.... 

..    .do 

1.28 
8,021 

1.14 

...B.tu.. 

7,214 

7,040 

8,089 

9,574 

9,929 

T7TAH  NO.  1. 

Bituminous  run-of-mine  coal  from  a  prospect  on  Huntington  Creek, 
Carbon  County,  was  designated  Utah  No.  1.  A  part  of  the  sample  as 
received  at  the  plant  was  used  in  briquetting  test  126;  also  in  a 
mixture  with  Rhode  Island  No.  1  in  briquetting  test  127.  Steaming 
tests  414  and  415  were  made  of  briquets  from  test  127. 

In  test  126  the  size  of  coal  used  was  as  follows:  Over  one-fourth 
inch,  1.4  per  cent;  one-tenth  inch  to  one-fourth  inch,  5.6  per  cent; 
one-twentieth  inch  to  one-tenth  inch,  14.4  per  cent;  one-fortieth  inch 
to  one-twentieth  inch,  25  per  cent;  through  one-fortieth  inch,  53  per 
cent.  This  coal  was  briquetted  with  low  percentages  of  binder,  with 
the  idea  of  utilizing  the  natural  resin  (probably  copalite)  contained 
in  the  coal.  With  4  and  5  per  cent  of  binder  the  heat  in  the  machine 
would  not  melt  the  natural  resin,  and  the  briquets  were  very  deficient 
m  binder  and  crumbled  badly.  With  6  per  cent  of  binder  the  surfaces 
of  whole  briquets  and  of  fractures  crumbled.  The  use  of  a  still  higher 
percentage  of  pitch  would  improve  the  briquets.  No  drop  tests  were 
made  of  these  briquets  and  no  other  regular  data  were  obtained,  on 
account  of  the  small  size  of  the  sample. 

In  test  127  (with  Rhode  Island  No.  1)  the  size  of  coal  used  was  as 
follows :  Over  one-fourth  inch,  1  per  cent ;  one-tenth  inch  to  one-fourth 
roch,  6.8  percent;  one-twentieth  inch  to  one- tenth  inch,  9.4  per  cent; 
one-fortieth  inch  to  one-twentieth  inch,  26.4  per  cent;  through  one- 
fortieth  inch,  57.4  per  cent.  This  test  was  made  to  prove  the  value  of 
briquettng  a  good  fuel  with  -one  that  is  commercially  worthless.  A 
high  volatile  coal  low  in  ash  was  chosen  to  mix  with  the  graphitic 
coal.  Various  percentages  were  tried,  but  47  per  cent  of  each  coal 
and  6  per  cent  of  binder  made  an  entirely  satisfactory  briquet.     Six 
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per  cent  of  binder  made  excellent  briquets,  whose  outer  surface  was 
smooth,  lustrous,  and  very  hard.  The  briquets  broke  without  crumb- 
ling, and  the  broken  surfaces  were  smooth  and  hard. 

Briquetting  tests. 


Test  126. 


Details  of  manuiiBcture: 

Ifachineused 

Temperature  of  briquets "F 

Binder- 
Kind 

Laboratory  No 

Amount per  cent 

Weiidit  of- 

Fuel  briquetted pounds 

Briquets,  average do. . 

Weathering  test: 

Time  exposed days 

Condition 


RenftowNo.  L 
149 

W.  O.  P. 
3410 
4,5,6 

2,000 
0.43 

214 
C. 


Teat  127. 


Renlh>w  No.  L 
149 

W.  O.  P. 

3410 

6 

16,000 
0.5 

214 
B. 


Chemical  analyses  of  coal  and  briquets. 


Utah 
No.  1. 


Rhode 
Island 
No.  1. 


Test  127. 


Teat  127. 


Labontory  No 

Proximate: 

Air  dry  loss 

Moisture 

Volatile  matter. 

Fixed  carbon... 


Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Extract  by  CSj  (as  received). . 
Pitch  in  briquets  by  analysis. 
Heat  valve 


.percent. 
..VT.do... 

do... 

do... 

do... 

do... 


...do.... 
...do.... 
...do.... 
...do.,.. 
...do.... 
...do.... 
.B.  t.  u.. 


3199 

3.80 

6.06 

42.02 

47.06 

4.87 

.55 

5.42 
76.98 

1.47 
10.36 

3.83 


13, 151 


3216 

2.0 
2.41 
4.92 
73.61 
19.06 
.07 

.65 

76.96 

.17 

2.63 

.02 


10,996 


0.8 
2.46 
24.21 
62.60 
10.74 
.41 

2.95 

78.68 

.74 

6.25 

6.89 

6.40 

12,632 


0.8 

2.27 

22.20 

6&29 

10.24 

.41 

3.13 

77.  t4 

.74 

7.59 

6.89 

6.40 

12,532 


XTTAH  NO.  2. 

Subbituminous  slack  (through  l^-inch  screen)  from  Coalville, 
Summit  County,  on  the  Union  Pacific  Railroad,  was  designated  Utah 
No.  2.  A  part  of  the  sample  as  received  at  the  plant  was  used  in 
briquetting  test  132;  part  was  mixed  with  Rhode  Island  No.  1  in 
briquetting  test  133.  Steaming  tests  402  and  404  were  made  of 
briquets  from  briquetting  test  132  and  steaming  test  416  of  briquets 
from  briquetting  test  133. 

In  test  132  this  coal,  sent  primarily  for  briquetting,  had  all  the 
characteristics  of  lignite.  Oil  shale  was  sent  to  be  used  as  a  binder, 
but  all  efforts  to  use  it  for  this  purpose  utterly  failed.  The  briquets 
made  on  the  English  machine  with  5  and  6  per  cent  of  binder  indicated 
a  shortage  of  pitch;  their  outer  surfaces  were  rough  but  crumbly 
and  porous;  they  were  crumbly  at  fractures,  and  broken  and  frac- 
tured surfaces  were  not  firm.     Briquets  with  7  per  cent  of  binder 
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showed  improvement  over  the  others  but  were  not  satisfactory;  their 

outer  surface  was  harder  but  could  be  roughened  by  rubbing;  they 

did  not  break  clean.     In  the  drop  test,  with  6  per  cent  of  binder,  the 

1-inch  screen  held  54.4  per  cent.     The  Renfrow  briquets,  with  (5  per 

cent  of  binder,  were  soft  and  showed  shortage  of  pitch.    Those  with 

7  per  cent  of  binder  showed  improvement.     However,  they  broke 

with  crumbly  fracture  and  their  broken  surfaces  were  not  firm.     Eight 

per  cent  of  binder  made  good  briquets,  with  hard  outer  surface;  they 

broke  clean  and  their  broken  surfaces  were  firm. 

.  In  test  133  Rhode  Island  No.  1,  the  only  available  high  volatile 

coal,  was  chosen  for  a  test  with  a  view  to  supplementing  the  data 

obtained  in  test  127.    The  test  was  not  successful,  as  the  coal  showed 

characteristics  of  lignite,  both  in  briquetting  and  in  burning.    The 

mixture  contained  47  per  cent  of  each  coal.    Briquets  with  6  per  cent 

of  binder  were  tough  and  hard;  their  outer  surface  was  smooth  and 

very  hard  and  their  fracture  rough  but  clean  and  firm.     No  drop 

tests  were  made. 

Briquetting  tests. 


Test  132. 


Test  132. 


Test  133. 


Size  as  used: 

O ver  i  Inch per  cent . 

A  inch  to  i  inch do... 

j^  inch  to  tV  hich do. . . 

JLiDch  to  tV^i^ ^^•^ 

Through  ^  u^ch do. . . 

Details  of  manufacture; 

Machine  used 

BriqaetttDg  temperature "F, 

Binder- 
Kind 

Laboratory  No 

Amount percent. 

Weight  of— 

Fuel  brlquetted pounds . 

Briquet,  ayerage do . . . 

Weather  test: 

Timeeacposed days. 

Condition 


0.8 
8.0 
21.4 
29.8 
40.0 

English. 
175 

W.  Q.  P. 

3410 

6,7,8 

29.000 
3.03 

190 
D 


Renfrow  No.  1. 
149 

W.  G.  P. 

3410 
5,6,7 

29,000 
0.42 

190 
C 


1.2 

6.0 

19.2 

25.6 

48.0 

Renfiow  No.  1. 
149 

W.  O.  P. 

3410 
6 

37,000 
0.62 

190 
E 


Chemical  analyses  of  coals  and  briquets. 


Utah 
No.  2. 


Rhode 
Island 
No.  1, 


Test  132.a 


Test  132.1 


Test  133. 


Laboratory  No 

Proximate: 

Moisture per  cent. 

Volatile  matter do . . . 

Fixed  carbon do. . . 

Aah. do... 

Sulphur do... 

Ultiaiato: 

Hydrogen do.. . 

Carbon do... 

Nitapgen do. . . 

Oxygen do... 


3259 

12.66 
38.30 
43.19 
5.85 
L39 


3216 

2.41 
4.92 
73.61 
19.06 
.07 

.65 

76.95 

.17 

2.63 


11.53 
38.91 
43.83 
5.73 
1.36 

4.70 
72.15 

1.27 
13.86 


9.32 

39.68 

45.06 

5.95 

1.37 

4.75 
73.30 

1.27 
12.61 


5.86 
25.20 
59.56 

9.39 
.85 

2.94 

76.42 

.73 

9.04 


a  Anal3rsis  of  English  briquets. 


6  Analysis  of  Renfh>w  briquets. 
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Pitch. 


Fuel. 


Utah 
No.  2. 


Rhode 
Island 
No.  1. 


Briquets. 


Test  132. 


TtBtiSk 


Laboratory  No 

A  Ir-diyinx  loss 

Extracted  by  CB| 

Pitch  In  briquet  by  analjrsis. 
Heatvahie : 


.percent.. 

do 

do.... 

...B.  t.u.. 


3410 


79.06 
'i6,'478" 


2.30 
.26 


10,  (»7 


3216 

2.00 

.02 


10,906 


1.00 

4.61 

5.46 

11,180 


1.40 

6.06 

7.50 

11,527 


VIBGINIA  NO.  6B. 

Semianthracite  slack  coal  from  the  bed  known  as  the  ''Big  Seam" 
(Bush  Moimtain  Field),  10  miles  west  of  Blacksburg,  Montgomery 
County,  was  designated  Virginia  No.  5B  and  the  sample  was  used  in 
briquetting  tests  187  and  188.  Steaming  test  494  was  made  of  equal 
weights  of  briquets  from  briquetting  tests  187  and  188. 

In  tests  187  and  188  the  size  of  coal  used  was  as  follows:  Over  one- 
fourth  inch,  0.6  per  cent;  one-tenth  inch  to  one-fourth  inch,  8.8  per 
cent;  one-twentienth  inch  to  one-tenth  inch,  23.6  per  cent;  one- 
fortieth  to  one-twentieth  inch,  27.6  per  cent;  through  one-fortieth  inch, 
39.4  per  cent.  A  very  hard,  nonporous  briquet  was  made  with  6 
per  cent  of  binder  on  the  English  machine.  Renfrew  briquets  with 
7  per  cent  of  binder  stuck  together  when  piled,  showing  excess  of 
pitch;  otherwise  these  briquets  were  satisfactory.  This  is  an  excep- 
tionally good  briquetting  coal,  requiring  only  a  small  percentage  of 
binder  and  making  briquets  with  firm,  smooth  outer  surfaces,  sharp 
edges,  and  characteristic  glossy  fracture. 

Briqujetting  tests. 


Test  187. 


Test  188. 


Details  of  manufacture: 

Machine  used 

Briquetting  temperature 

Binder- 
Kind 

Laboratory  No 

Amount 

Weisht  of— 

Fuel  briquetted 

Briquet,  average 

Drop  test  (1-incn  screen): 

Held 

Passed 

Tumbler  test  (1-inch  screen): 

Held 

Passed 

Fines  through  10-mesh  sieve. 
Weather  test: 

Time  exposed 

Condition 

Absolution  test: 

Tune  immersed 

Water  absorbed 

Average  for  first  5  days 

Specific  gravity  (apparent) 


.percent.. 

.  -iwunds. . 
do — 


.percent.. 
do 


.do.... 
.do.... 
.do.... 


.days. 


days.. 

.percent.. 
do 


Renftow  No.  1. 
185 

W.  G.  P. 
4643 

7 

8,000 
0.457 

78.5 
21.6 

04.0 
6.0 
06.0 

10 
A 

10 

14.8 

2.0 

1.182 


English. 
185 


W. 


O.  P. 
4543 
6.25 

4,000 
4.11 

85.7 
14.3 

88.3 
10.7 
70.1 

6 
A 

19 
12.6 
1.11' 
1.2m 
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Car 
sample. 


ToetlST. 


Teat  188. 


Labofatory  No 

Proximate: 

Molstiire. peroent.. 

Volatile  matter do.... 

Fixed  carbon do 

Ash do.... 

Sulphur. do 

Ultimate: 

Hydrogoi. do — 

Carbon do — 

Nitrogen do — 

Oxygon do — 


4294 

7.62 
la  29 
65. 9« 
16.23 
.65 

8.82 

7466 

.76 

2.62 


4646 

462 
1428 
66.03 
16.27 
.79 

3.68 

76.17 

.81 

2.61 


4417 

6.02 
16.62 
6461 
1496 
.84 

8.66 

76.82 

.88 

8.02 


Extraction  analysee. 


Pitch. 


Fuel. 


Va.6B. 


Briquets. 


Test  187.    Test  188. 


Laboratory  No 

Air-drying  loss 

Extract^by  CSt. 

Pltdi  in  briquet  by  analysis . 
HeatTalue 


.percent.. 

do.... 

...B.  t.  u.. 


99.66 


4294 
7.10 
.27 


16,969 


11,8 


4646 
8.60 
6.24 
6.01 
12,642 


4417 
410 
6.74 
6.61 
12,468 


VntaiNIA— JAMESTOWN  NO.  2 

The  sample  designated  as  Jamestown  No.  2  .insisted  of  sevwal 
cars  of  semibituminous  run-of-mine  coal  from  a  mine  working  the 
Pocohontas  No.  3  bed,  Pocohontas,  Tazewell  County,  Va.,  on  the 
Norfolk  &  Western  Railway. 

Excellent  briquets  were  made  from  this  coal.  Those  made  with 
6  per  cent  of  water-gas  pitch  binder  (Lab.  No.  5458)  stood  the 
cohesion  tests  as  well  as  those  made  with  8  per  cent  of  binder 
(Lab.  No.  5563).  The  warm  briquets  from  all  four  of  the  tests  had 
smooth,  firm  surfaces,  and  those  from  tests  251  and  252  fractured 
with  difficulty.  Those  from  tests  254  and  255  were  more  brittle, 
though  not  easily  broken.  The  surface  of  the  briquets  from  tests 
251,  252,  and  254  was  smooth  and  firm,  whereas  the  surface  of 
briquets  from  test  255  crumbled  easily.  The  cold  briquets  of  tests 
251,  252,  and  254  were  excellent,  had  smooth,  firm  surfaces,  broke 
without  crumbling,  and  the  fractured  surfaces  were  smooth  and  firm. 
The  cold  briquets  of  test  255  were  rather  brittle  and  fractured  easily, 
and  the  surface  of  fractures  crumbled  easily. 

The  entire  shipment  of  coal  was  made  into  briquets  and  delivered 
to  the  U.  S.  S.  Connecticut  for  trial  test  under  marine  boilers.  The 
test  on  the  Connecticut  was  conducted  in  December,  1907,  on  a  run 
from  New  York  Harbor  to  Hampton  Roads,  Va. 
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PUBL-BEIQUETTING  IKVE8TIOATI0NB. 
BriqueUmg  tesU. 


Tflft261. 


Test  252. 


Tflft2S4. 


Te8t26& 


Sixe  as  lued: 

Over  i  inch per  cent. 

^  Inch  to  1  inch do... 

A  inch  to  ^ indi do... 

^ Inch  to  ^ inch do... 

Tnroa^^^iAch do... 

Details  of  manufacture: 

Machine  used 

Brlquettlng  tempentuie *F. 

KM 

Laboratory  No 

Amount percent. 

Weight  of- 

Fuel  briquetted pounds. 

Briquet,  ayerue do . . . 

Moisture  in  oriquet  mixture per  cent. 

Drop  test  (l-inoh  screen): 

Held do... 

Passed do... 

Tumbler  test  (1-inch  screen): 

Held do... 

Passed do... 

Fines  through  lO-mesh  sieve do. . . 

Weather  test: 

Time  exposed days. 

Ck>ndltion 

Absoiption  test: 

Tune  immersed days. 

Water  absorbed percent. 

Average  for  first  four  days. do... 

Specific  gravity  (apparent) 


L3 
S.4 
13.7 
27.2 
64.4 


102 

W.  Q.  P. 

5468 
6 

138,101 
i27 
7.82 

740 
26.0 

79.0 
21.0 
93.4 

171 
A 

80 
16.88 
2.04 
1.097 


CI 
6.3 
22.6 
32.3 
88.7 

R€nfrowNa2. 
200 

W.O.P. 
6468 

6 

181,600 
a683 
3.99 

66.6 
33.6 

60.0 
81.0 
05.5 

178 
A 

21 
14.02 
2.74 
1.106 


ao 

9.4 
24.2 
2&0 
38.4 

llenAowNo.2. 
204 

W.O.P. 
5568 

8 

2,000 
a  581 


ao 

7.4 

23.5 
2&3 

40.8 

ReDfrowNa2L 
206 

W.G.P. 
6568 

6 

2,000 
a696 


65.0 
35.0 

71.0 
29.0 
95.2 

161 
A 

21 
16.46 
2.78 
1.101 


46.0 
640 

6a5 
80.5 
85.5 

161 
B 

21 
16.62 
3.29 
L086 


Chemical  analyses  of  coal  and  briquets. 


Raw  fuel 


Test  251. 


Tcst2S2. 


Test  264. 


Test  256. 


Laboratory  No 

Proximate: 

Moisture. percent. 

Fixed  carbon do. . . 

Ash do... 

Sulphur do . . , 

intimate: 

Hydrogen do... 

(3arbon do... 

Nitrogen do... 

Oxygen do... 


5333 

17.68 

74.19 

6.13 

.69 

4.47 

84.54 

.89 

3.24 


5466 

18.52 

72.79 

6.24 

.63 

4.87 

82.66 

.86 

5.06 


6454 

19.78 

72.66 

6.96 

.61 

451 

8486 

.88 

3.06 


5465 

19.70 

78.06 

5.62 

.50 

466 

85.93 

.99 

2.21 


5467 

19.88 

78.22 

5.S0 

.58 

422 

8481 

.90 

8.00 


Extraction  aruUyees. 


Pitches. 


Fuel. 
J-2. 


Briquets. 


Test251.    Test282.    Test264   Tert25S. 


Laboratory  No 

Air-drying  loss percent. 

Extracted  by  CSs  (as  received). do. . . 
Pitch  in  briquet  by  analysis. . .  .do. . . 
Heat  value B.tu. 


5458 


98.92 
i6,'883 


5668 


90.33 


5333 
1.20 
a66 


14,682 


6466 

1.80 

6.83 

5.71 

14,549 


1.10 

7.76 

6.62 

14,796 


6456 

Lie 

7.66 

7.90 

14,794 


6457 

aoo 

6.87 
&92 
14.796         I 


I 
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VntaiNIA— JAMESTOWN  NO.  14. 

The  sample  designated  as  Jamestown  No.  14  consisted  of  a  car  of 
Virginia  semianthracite  culm  from  a  mine  working  the  Big  Vein, 
Menimac,  Montgomery  County,  Va.,  on  the  Virginia  Anthracite 
Railway. 

The  sample  was  tested  at  the  Norfolk  plant. 

As  received,  the  sample  was  very  wet,  and  serious  difficulty  was 

experienced  in  crushing  it  with  the  WilUams  mill  because  of  its 

tendency  to  pack  and  stop  the  mill.    About  11  tons  of  briquets  was 

made,  however,  and  these  were  stronger  than  necessary  when  made 

with  8  per  cent  of  pitch  binder,  but  were  rather  weak  with  6  per 

cent;  7  per  cent  would  probably  make  a  satisfactory  briquet.     When 

tested  in  a  kitchen  range,  the  briquets  did  not  bum  with  satisfactory 

results,  but  after  being  broken  into  three  or  four  pieces  a  better  jfire 

was  obtained  than  with  a  good  grade  of  anthracite  coal  of  egg  size. 

The  briquets  made  a  satisfactory  fuel  for  an  open-grate  fire  and  for 

large  heating  stoves.     They  had  a  pecuUar  property  of  ** banking," 

owing  to  the  high  percentage  of  ash  in  them  (22.5  per  cent),  and  a 

fire  could  be  kept  over  night  with  them,  even  in  a  small  kitchen 

range. 

Briquetting  teat. 


Tfl8t291. 


Test  291. 


Sjceasmed: 

Over  I  Inch per  cent . . 

A  tncn  to  \  inch do 

JH  inch  to  ig  inch do 

^Inch  to  j^inch do 

Tmoagh^inch do 

Details  of  manafKtuxe: 

Machine  used 

Briquetting  temperatore  .*F. . 

Kind  used 

Laboratory  No. 

Amoont percent.. 

Welshtof— 

Fuel  briquetted.  .poonde. . 

Bilqaet,  average do 

MolKtare  in  briquet  nuzture,  per 


0  0 
n.9 

32.8 
24.3 
31.0 

Renfrow  No.  2 
187 

W.  G.  P. 

5940 

6 

22,000 
0.746 

7.35 


Drop  test  (1-Jnch  screen): 

Held per  cent. 

Passed do... 

Tumbler  test  (1-inch  screen): 

Held do... 

Passed do... 

Fines  through  10-mesh  sieve, 

per  cent 

Weather  test: 

Time  exposed .-.days. 

Condition 

Absorption  test: 

Tune  immersed.  < days. 

Water  absorbed per  cent. 

Average  for  first  4  days .  .do . . . 
Specific  gravity  (apparent) 


16.0 
84.0 

28.0 
72.0 

94.1 

102 
B 

31 

12.76 

1.63 

1.299 


Chemical  cmtUytes  of  culm  from  MerrimaCf  Va,,  and  of  briquets  made. 


Raw 
fuel. 

Test 
291. 

Pitch 
bhider. 

I^boffiitory  No 

5988 

2.  OS 
6.58 
58.22 
33.15 
.46 

2.43 

50.18 

.65 

3.43 

6114 

2.07 

9.93 

65.48 

22.52 

.52 

3.04 

68.13 

1.00 

4.30 

5940 

Pnucbnate: 

percent.. 

do.... 

Volatik  Tnatfv 

Ftxffd  iwhmi       .     ,,,...     

Aril 

Sulphur 

do.... 

Ulttanate: 

Hydrogen 

do.... 

do.... 

Gwbon 

do.... 

Oxygen. 

do  ... 
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FUBL-BRIQUETTING  INVBSTIGATIOKS. 
Extraction  analyses. 


- 

Pitch. 

Fuel 

Briquets. 

J-14. 

TeBt29L 

Laboratory  No. 

6940 

5938 
1.60 
.06 

6114 

AJliMlfying  loss. . .         .,..,,,,.,,-,-.. 

Der  cent. . 

i.lO 

Extracted  by  CS|  (as  received) 

Pitch  In  briquet  by  analyses 

Heat  value 

do.... 

do.... 

96.60 

5.19 
5.32 

B.t.u.. 

16,780 

9,688 

11,698 

WASHINGKrON  NO.  2. 

Bituminous  lump  coal  from  Roslyn,  Kittitas  County,  on  the 
Northern  Pacific  Railway,  was  designated  Washington  No.  2,  and  a 
part  (12,000  pounds)  of  the  sample  was  used  in  briquetting  test 
125. 

Steaming  test  412  was  made  of  briquets  from  this  briquetting  test. 

Briquetting  tests. 


Size  as  shipped 

Sizeasusea: 

Over  ^  inch percent. 

tV inch  to i inch '. do... 

j^ inch  to ^ inch do... 

A  inch  to  j^  inch do... 

Through  ^  inch do... 

Details  of  manuflACture: 

Machine  used 

Binder- 
Kind  used 

Laboratory  No 

Amount  used percent. 

Wdihtof- 

Fuel  briquetted pounds. 

Briquet,  avera^ do. . . 

Heat  value  per  pound: 

Fuel  as  received B.  t.  u. 

Briquets do . . . 

Binder do... 

Drop  test  (1-inch  screen): 

Held  by percent. 

Passed do... 

Weather  test: 

Time  exposed days. 

Condition 


Test  125. 


5.5 


Lump. 

2.4 
11.0 
19.6 
26.2 
40.8 

English. 

W.  G.  P. 

3410 

6.5  and  7 

(•) 
S.24 

12,588 
12,890 
16,478 

^87.4 
12.6 

214 
per  cent  C, 
ilhersB. 


Test  126. 


Lump. 

2.4 
11.0 
19.6 
26.2 
4a8 

Renftow  No.  1. 

W.  O.  P. 

3410 
6,6.5,7 


(•) 


a46 


214 
6.6  per  cent  C, 
7  and  7.6  per 
oent  B. 


a  Total  weight  of  both  English  and  Renfrow  briquets  made  was  12,d00  pounds. 
*  Drop  test  made  with  6  per  cent  briquets. 

Chemical  analyses  of  coal  and  briqii£ts. 


L 


Fuel. 

Briquets. 

Fuel. 

Briquets. 

Test  125. 

Teetl25. 

3008 

3.16 
36.40 
48.09 
12.28 
.38 

Ultimate: 
Hydrogen 
Carbon.... 
Nitrogen.. 
Oxygen... 

percent.. 

do.... 

do.... 

do..,. 

4.96 

71.82 

1.28 

9.09 

T 

Proximate: 

Moisture percent.. 

Volatile  matter do.... 

Fixed  carbon do.... 

Ash do.... 

Sulphur do.... 

2.66 

37.39 

48.89 

11.06 

.39 

4.86 

73.02 

1.48 

8.88 
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Fitch. 


Fnel. 


Wash 
No.  2. 


Briquets, 
test  126. 


Labontory  No 

Air-drying  loss peroent. 

Extract  by  CSi  (as  received) do . . . 

Pitch  in  briqaet  by  analysis do. . . 

Heatyalae B.  t.  u. 


3410 


79.96 
*i6,'478" 


3098 
1.30 
1.24 


12,686 


0.20 

6.89 

7.19 

12,890 


WBST  VIRGINIA  NO.  3,<^ 

A  sample  of  mn-of-mine  bituminous  coal  from  near  Morgantown, 
Monongalia  Coimty,  on  the  Morgantown  &  Kingwood  Railroad,  was 
designated  West  Virginia  No.  3,  and  a  part  of  the  sample  was  sub- 
jected to  briquetting  tests  on  the  laboratory  press  at  the  St.  Louis 
plant. 

A  test  was  made  with  this  coal  in  the  laboratory  to  determine 
whether  it  was  possible,  tmder  a  certain  pressure  and  temperature, 
to  make  a  briquet  without  any  binder.  A  briquet  was  obtained, 
which,  although  not  perfectly  satisfactory,  indicated  that  under  cer- 
tain conditions,  with  the  right  pressure  and  temperature,  briquets 
could  be  made  with  this  coal  without  any  binder  whatever,  but  it  is 
doubtful  whether  a  briquet  made  of  bituminous  coal  in  this  manner 
would  possess  satisfactory  strength  to  be  of  commercial  value. 

Chemical  analysis. 


Car 

sample. 


Car 
sample. 


Laboratory  No 

Proximate: 

Air^rying  loss percent. 

Moisture do. . . 

Volatile do... 

Fixed  carbon do... 

Ash do... 

Suli^nr do... 


1252 

1.30 
2.29 
29.86 
67.62 
10.23 
1.06 


Ultimate: 

Hydrogen per  cent. 

Carbon do . . . 

Nitrogen do... 

Oxygen do . . . 

Heatvame B.  t.  u. 


4.85 

76.80 

1.45 

5.26 

13,558 


WBST  VntOINIA  NO.  6. 

A  sample  of  nm-of-mine  semibituminous  coal  from  Rush  Rim, 
Fayette  County,  on  the  Chesapeake  &  Ohio  Railroad,  was  designated 
West  Vii^inia  No.  6,  and  a  part  of  the  sample  was  subjected  to  bri- 
quetting tests  on  both  the  English  and  the  American  machines  at  the 
St.  Louis  plant. 

The  first  test  made  of  this  coal  was  with  5  per  cent  of  the  glossy, 
home-made  pitch  Y.  The  pressure  used  was  the  limit  that  could  be 
obtained  on  the  English  machine,  and  the  resultant  briquets  were 
hard,  clean,  and  strong,  and  had  a  sharp,  glossy  fracture.  They  were 
in  every  way  equal  to  the  best  briquets  made  on  this  machine.  They 
weighed  on  an  average  6.12  poimds  each.     On  accoimt  of  the  ex- 


a  See  description  of  tests  on  pp.  63-63. 
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FUBL-BBIQUBTTING  INVESTIOATIOirS. 


cellent  quality  of  the  briquets  with  5  per  cent  of  pitch,  another  ton 
was  briquetted  with  only  3  per  cent  of  pitch  Y.  Extreme  pressure 
was  applied,  and  the  resultant  briquets  were  unusually  smooth  and 
glossy,  but  not  quite  strong  enough.  They  crumbled  instead  of 
cracking  clean  imder  the  blows  of  a  hammer.  The  briquets  contain- 
ing 5  per  cent  of  pitch,  when  broken,  made  little  or  no  waste,  and  had 
a  dean  fracture. 

On  the  American  machine  the  mixture  containing  5  per  cent  of  pitch 
Y  made  very  glossy  and  solid  eggettes,  which  were  strong  and  would 
stand  much  rough  handling.  One  surprising  quality  of  these  briquets 
was  that  when  tested  in  the  cook  stove  they  burned  with  little  or  no 
caking,  although  the  coal  itself  is  a  very  good  coking  coal.  The 
briquets,  when  exposed  to  the  weather,  were  little  affected  and  did  not 
disintegrate  appreciably.  In  burning  they  held  together  until 
entirely  consumed. 

This  coal  was  also  tested  with  the  Hoffman  patent  binder,  and  the 

residtant  eggettes  were  also  of  good  quality,  being  hard,  glossy,  and 

clean-;  but  in  burning  they  caked  more  than  those  with  5  per  cent  of 

pitch. 

Chemical  analyns. 


Laboratory  No 

Proximate: 

Air-drying  loss per  cent. 

Moisture do — 

Volatile  matter do. 

Fixed  carbon do. 

Ash do. 

Sulphor do. 


Car 
sample. 


1390 

.90 

1.63 

21.54 

71.88 

6.05 

.65 


Ultimate: 

Hydrogen. per  oent . 

Carbon do... 

Nitrogen do... 

Oxygen do... 

Heat  Tame B.  t.u. 


Car 
sample. 


4.06 

U.16 

1.71 

3.68 

14,807 


WBST  VIBGINIA— JAMESTOWN  NO.  3. 

The  sample  designated  Jamestown  No.  3  consisted  of  two  cars  of 
semibituminous  run-of-mine  coal  from  a  mine  working  the  "Thin 
Vein"  Pocahontas  bed,  Davy,  McDowell  County,  W.  Va.,  on  the  Nor- 
folk &  Western  Railway. 

Excellent  briquets  were  made  on  the  English  machine  with  this 
coal  and  6  per  cent  of  binder  (Lab.  No.  5458),  and  good  briquets  were 
made  on  the  Renfrew  No.  2  machine  with  the  same  coal  and  binder. 
The  briquets  made  on  the  American  machine  (test  257)  with  7  per 
cent  of  binder  (Lab.  No.  5563)  also  had  a  good  appearance,  but  were 
not  so  strong  as  those  from  the  other  two  tests. 

Briquets  from  test  253,  while  warm,  had  a  smooth  surface,  metallic 
luster,  and  no  cracks,  but  were  easily  crushed  in  the  hand;  when  cold, 
however,  they  had  a  fine  metallic  ring  when  struck,  a  firm,  fine-grained 
surface,  and  broke  with  difficulty,  with  a  firm,  fine-grained,  lustrous 
fracture. 

Briquets  from  test  256,  while  warm,  had  a  smooth  surface,  were 
plastic,  and  broke  with  a  rough  fractured  surface.     When  cold  these 
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briquets  had  rough  ends,  broke  without  slacking,  and  had  a  smooth 
and  glossy  fracture. 

Briquets  from  test  257  hardened  at  a  rather  high  temperature  and 
fractured  with  diflEiculty.  When  cold  these  briquets  had  a  firm, 
smooth  surface,  were  somewhat  brittle,  and  formed  some  slack  when 
broken. 

Briquetting  tests. 


263. 

Test  256. 

Test  257. 

0.8 

0.1 

8.5 

6.1 

14.7 

28.8 

27.0 

29.5 

54.0 

35.5 

202 

Renfrow  No.  2. 
204 

Renfrow  No.  2. 
205 

.G.P. 

5458 

6 

W.  G.  P. 

5458 

6 

W.  O.  P. 
5568 

7 

6.00 

12,000 

0.617 

2.71 

10,000 

0.688 

4.91 

7».4 
28.6 

62.0 
88.0 

37.6 
62.6 

71.8 
2&2 
80.7 

58.5 
41.5 
06.0 

47.6 
52.5 
06.0 

162 
A 

154 
B 

154 
B 

80 
12.02 
2.04 
1.148 

21 
14.46 
2.71 
1.121 

21 
15.79 
3.12 
1.101 

Siae  as  tiled: 

Over  i  inch per  cent 

^toiixidi do.., 

^to^lDch do.., 

A  to  A  inch do.., 

Thioagh  Ainch do.., 

Details  of  manufacture: 

Machine  used , 

Briquetting  temperature *  F . 

Kind 

Laboratory  No 

Amount. percent. 

Wei^tof- 

Fuel  brlquetted pounds. 

Briquet,  average do. . . 

Moisture  in  oriquet  mixture percent. 

Drop  test  (l-inm  screen): 

Held do... 

Passed do... 

Tumbler  test  (1-inch  screen): 

Held do... 

Passed do... 

Fines  through  lO-mesh  sieve do. . . 

Wettther  test: 

Time  exposed. days. 

Condition 

Abaoiption  test: 

Time  immersed days. 

Water  absorbed percent. 

Avenge  for  first  4  days do. . . 

Specifle  gravity  (apparent) 


Chemical  analyses  of  coal  and  briquets. 


RawfueL 


Test  253. 


Test  256. 


Test  267. 


Laboratory  No 

Proximate: 

Moisture 

VolatUe  matter. 

Fixed  carbon... 

Ash 

Sulphur 

Xnttmate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 


.per  cent. 

do... 

do... 

do... 

do... 


.do... 
-do... 
.do... 
-do... 


6450 

1.62 
16.01 
76.19 

7.28 
.02. 

4.46 

83.78 

1.14 

2.61 


6477 

1.86 
17.26 
76.64 

5.34 


4.45 

86.46 

1.09 

2.89 


5478 

1.60 
18.40 
74.26 

5.65 
.64 

4.50 

85.31 

1.11 

2.68 


5743 

1.06 
17.30 
76.13 

5.61 
.66 

4.63 

86.06 

1.10 

1.98 


Extraction  analyses. 


Pitches. 


Fuel,J-3. 


Briquets. 


Test  263. 


Test  256. 


Test  257. 


Laboratory  No 

AJr-drylng  !oes per  cent . . 

Extraeted  by  C8s  (as  received) do. . . . 

Pitch  in  briquet,  by  analysis do — 

Heat  value B.tu.. 


6458 


92.92 
"16,898 


5663 


90.33 
'i6,'7i8" 


5469 
0.90 
0.47 


14,443 


6477 
1.30 
5.03 
4.93 
14,828 


5478 
1.20 
6.28 
5.20 
14,728 


5743 
0.70 
,6.86 
6.00 
14,886 


:fe 
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FUBL-BBIQUETTING  INVE8TIGATI0KS. 


WB8T  VIBGIMIA— JAKBBTOWN  NO.  6. 

The  sample  designated  Jamestown  No.  5  consisted  of  two  cars  of 
semibituminous  run-of-mine  coal  from  a  mine  working  the  Sewell  bed, 
1  mile  east  of  Sewell,  Fayette  County,  W.  Va.,  on  the  Chesapeake  & 
Ohio  Railway. 

Of  the  two  tests  made  on  this  coal,  the  briquets  of  test  258  were 
better  than  those  of  test  259.  The  warm  briquets  of  test  258  had 
smooth  surfaces  and  were  difficult  to  fracture.  The  cold  briquets 
were  very  hard  and  brittle  and  formed  some  slack  when  broken.  The 
warm  briquets  from  test  269  had  smooth  surfaces,  were  very  plastic, 
and  high  in  moisture;  the  cold  briquets  had  a  very  hard,  firm  surface, 
and  fractured  without  slacking. 

BriqueUing  tuU. 


Test  258. 


T«t2». 


Siie  u  uaed: 

Over  }  Inch percent 

^  Inch  to  i  Inch do.., 

^  Inch  to  ^  Inch do.., 

Atnchto^lnch do.., 

TbroughAlQch do... 

Details  of  manulMsture: 

Machine  uaed , 

Briqaetting  tenqpefstoie *F. 

£ttd 

Laboratory  No 

Amoont percent. 

WeUitof— 

Fuel  briqnetted pounds. 

Briquet,  aTerace do... 

Moisture  In  Driquet  mixture percent. 

Drop  test  (l-tooli  screen): 

Held do... 

Passed do... 

Tumbler  test  (1-lnch  screen): 

Held do... 

Passed do... 

Fines  through  10-mesh sieve , do... 

Weather  test: 

Time  exposed days. 

Condition 

Absorption  test: 

TimeimmerMd days. 

Water  absorbed percent. 

Average  for  first  4  days do... 

Bpeoiflc  gravity  (apparent) 


ai 

d.5 

27.0 

31.0 

35.3 

ReafrowNa2. 
199 

RenfrowKo.1 
aoo 

W.G.P. 
5563 

7 

W.O.P. 
5458 

136.000 
a568 
6.14 

2.000 

70lO 
30.0 

4&5 

51.5 

71.5 
2&5 
06.5 

67.5 
32.5 
913 

154 
A 

154 
A 

21 
14.90 
2.52 
1.002 

21 
1&» 
2.62 
LIOS 

Chemical  analyses  of  coal  and  briquets. 


Rawltiel. 

TotaSSL 

Laboratory  No 

5453 

3.37 
21.80 
70.74 

4.09 
.58 

4.85 

85.06 

1.39 

3.87 

5744 

Proximate: 

Mob<4irft          .                                  ..... 

percent.. 

1.33 

VolftTflft  mt^tUr 

do 

24.97 

Fixed  carbon                             ..... 

do.... 

67.91 

Ash      - 

do.... 

5.80 

Sulphur 

do.... 

.63 

Ultimate: 

Hvdroffen . .                              

do.... 

4.» 

Cwbon 

do.... 

8S.8S 

do.... 

1.16 

Oxygen 

do.--. 

3.61 
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Pitches. 


Fuel,J-5. 


Briquets, 
t€8t2S8. 


Laboratory  No 

Air-drying  loss 

Extractea  by  CSs  (as  received). 

Pttoh  in  briquet  by  analysis 

Heat  -value 


.per  cent. 
..v.. do... 

do... 

...B.t.u. 


9a  33 


16,718 


5458 


92.92 
16*893 


5453 
2.60 
a  51 


14,522 


5744 
0.90 
6.62 
6.81 
14,677 


WBBT  VntaDnA—JAUBBTOWN  NO.  6. 

The  sample  designated  Jamestown  No.  6  consisted  of  two  cars  of 
semibituminous  run-of-mine  coal  from  a  mine  working  the  Sewell 
bed,  Redstar  Fayette  County,  W.  Va.,  on  the  Chesapeake  &  Ohio 
Railway. 

The  briquets  made  from  this  coal  were  excellent  in  their  physical 
characteristics,  and  when  warm  had  smooth  surfaces,  sharp  edges,  and 
were  sufficiently  strong  to  be  loaded  on  cars  direct  from  the  briquetting 
machine.  When  cold,  these  briquets  were  hard  and  firm,  but  some- 
what brittle  on  the  edges. 

Briquetting  test. 


Test  260. 


Test  260.     i 


Size  as  used: 

Over*  inch percent. 

^  incn  to  i  inch do . . . 

,V  inch  to  tV  ^ch do. . . 

jC  inch  to  j^ inch do... 

Through  j^  Inch do. . . 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature *F . 

Binder— 

Kind 

Laboratory  No 

Amount per  cent. 

Woirfitof— 

Fuel  brlquetted pounds. 

Briquet,  average do. . . 

Moisture  In  briquet  mixture  .per  cent. 


0.8 
3.1 
11.2 
26.3 
54.8 

English. 
203 

W.  G.  P. 


41,400 
3.52 
5.47 


Drop  test  (1-inch  screen). 

Held per  cent. 

Passed do... 

Tumbler  test  (1-inch  screen): 

Held do... 

Passed do. . . 

Fines    through    lO-mesh    sieve, 

percent 

Weather  test: 

Time  exposed days. 

Condition 

Absorption  test: 

Tune  immersed days. 

Water  absorbed per  cent. , 

Average  for  flret  4  days do. . . . 

Spedflc  gravity  (apparent) 


80.2 
19.8 

77.4 
22.6 

88.5 

135 
A 

35 
13.19 
2.24 
1.117 


Chemical  analyses  of  coal  cmd  briquets. 


Raw  fuel. 

Test  260. 

Raw  fuel. 

Test  260. 

Laboratory  No 

5489 

2.00 
19.39 
74.63 

3.89 
.89 

5558 

2.15 
21.87 
71.13 

4.85 
.81 

xnthnate: 

Hydrogen... 

(}arbon 

Nitrogen.... 
Oxygen 

...percent.. 

do.... 

do.... 

do.... 

4.74 

81.31 

1.36 

7.71 

Proximate: 

Moisture 

VoUtne  matter 
Fixed  carbon. . 

Ash 

Sulphur 

percent.. 

do 

....do.... 
....do.... 
....do.... 

4.96 

85.20 

1.56 

2.40 

Ikctraction  analyses. 


Laboratory  No 

AJr-dryins  loss percent. 

Extracted  by  C»« (ss received) do... 

Fttch  in  briquet  by  analysis do. . . 

Heatvahie B.t.u. 


Pitch. 


5563 


90.33 
'i6,"7i8 


Fuel,J-6. 


5489 
1.50 
0.36 


14,783 


Briquets, 
test  260. 


5558 
1.50 
5.32 
5.51 
14,716 
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FUEL-BRIQUBTTING  INVESTIGATIOKS. 


WEST  VntGDnA-nJAUBBTOWN  NO.  7. 

The  sample  designated  Jamestown  No.  7  consisted  of  three  cars  of 
semibituminous  run-of-mine  coal  from  a  mine  working  the  Sewell  bed, 
Derryhale,  Fayette  County,  W.  Va.,  on  the  Chesapeake  &  Ohio 
Railway. 

The  briquets  made  on  the  Renfrow  No.  2  machine  from  this  coal 
with  7  per  cent  of  binder  (Lab.  No.  5563)  stood  the  cohesion  tests 
better  than  those  made  on  the  English  machine  with  6  per  cent  of 
the  same  binder.  Both  were  excellent  briquets,  gave  a  fine  metallic 
ring  when  struck,  had  smooth,  firm  surfaces,  broke  with  difficulty,  and 
had  firm  and  glossy  fractures. 

Briqueiting  tests. 


Test  261. 

Test  262. 

3.0 
6.9 
10.8 
22.4 
56.9 

0.3 
6.0 
25.1 
29.3 
39.3 

English. 
198 

Renfrow  No.  2. 
193 

W.  G.  P. 

6663 

6 

W.  G.  P. 
5563 

7 

6.48 

88,000 

a  617 

4.71 

69.3 
30.7 

71.0 
29.0 

74.0 
26.0 
88.6 

80.5 
19.5 
96.2 

132 
A 

132 
B 

36 
11.09 
2.14 
1.139 

11 

12.21 

2.85 

1.029 

Size  as  used: 

O  vor  i  inch peroent.. 

^  inch  to  i  inch do 

^  inch  to  A  inch do 

JL  inch  to  ^  inch do 

Through  A  loch do 

Details  of  manuiiacture: 

Machine  used 

Brique  tting  temperature •  F . . 

Binder- 
Kind 

Laboratory  No 

Amount per  cent. . 

Weight  of— 

Fuel  briquetted pounds. . 

Briquet,  average do 

Moisture  in  oriquet  mixture per  cent. . 

Drop  test  (1-lncn  screen): 

Held do.... 

Passed do 

Tumbler  test  (1-inch  screen): 

Held do.... 

Passed do — 

Pines  through  10-mesh  sieve do — 

Weather  test- 
Time  exposed days. . 

Condition 

Absorption  test: 

Tfine*  immersed days. . 

Water  absorbed per  cent. . 

Average  for  first  4  days •. . .  .do — 

Specific  gravity  (apparent) 


Chemical  analyses  of  coal  and  briquets. 


Raw  fuel. 

Test  261. 

Test  262. 

Tiftboratorv  No          .                                           -  

5501 

2.00 
17.67 
74.10 

6.33 
.01 

4.69 

83.03 

1.31 

3.68 

5583 

2.70 
20.28 
72.74 

4.28 

.81 

4.77 

86.07 

1.40 

2.44 

5559 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash -  -       - 

percent.. 

do.... 

do.... 

do.... 

0.99 
18.52 
74.66 

5.90 

Sulphur 

do.... 

.81 

Ultimate: 

Hvdrofien. 

do.... 

4.69 

Carbon 

do.... 

84.46 

do.... 

1.51 

Oxveen 

do... 

2.56 
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Pitch. 


Fuel, 
J-7. 


Briquets. 


Test  261.   Test  262. 


Laboratory  No 

Air-dr3rliig  loss 

Extract  by  CSs  (as  received). . 
Pitch  hi  briquet  by  analsrsis . . 
Heatvahie 


.percent. 
..VT.do... 

do... 

...B.  t.u. 


90.33 


6601 
1.40 
.40 


16,718 


14,466 


6683 

2.10 

4.99 

5.12 

14,886 


6669 

0.80 

6.66 

6.85 

14,717 


WEST  VntaDnA—JAUBBTOWN  NO.  8. 

The  sample  designated  Jamestown  No.  8  consisted  of  two  cars  of 
semibituminous  run-of-mine  coal  from  a  mine  working  the  Quinni- 
mont  (Fire  Creek)  bed,  Lawton,  Fayette  County,  W.  Va.,  on  the 
Chesapeake  &  Ohio  Railway. 

This  coal  was  briqnetted  with  binders  as  follows:  Tests  263.,  264, 
and  270,  with  flour  binder  alone;  test  271,  with  water-gas  pitch  alone; 
and  the  remaining  tests,  265,  266,  267,  268,  and  269,  with  various 
mixtures  of  flour  and  water-gas  pitch. 

All  of  the  briquets  made  with  flour  alone  disint^rated  very  rapidly 
on  exposure  to  the  weather,  and  one  sample  (from  test  270)  crumbled 
to  slack  when  handled  after  being  immersed  in  water  for  24  hours. 
The  briquets  made  with  1  per  cent  of  flour  binder  were  not  strong 
enough  to  be  satisfactory,  but  all  of  the  other  briquets  made  with  flour 
alone  or  with  a  mixture  of  flour  and  water-gas  pitch  stood  the  cohesion 
tests  better  than  the  briquets  that  had  only  water-^as  pitch  foi"  a 
binder.  A  comparison  of  tests  267,  268,  and  269  with  test  271  shows 
that  in  the  first  three  tests  the  drop  and  tumbler  percentages  were 
higher  than  in  the  fourth  test.  All  briquets  containing  any  flour  soon 
became  covered  with  a  green  mold  when  stored  in  a  damp  place  and 
lost  strength,  but  those  stored  in  a  dry  place  developed  no  mold,  and 
even  after  eight  months  were  seemingly  as  good  as  when  first  made. 
In  making  briquets  with  flour  alone,  some  difficulty  was  experienced 
from,  the  briquets  sticking  to  the  dies  of  the  press,  but  it  is  probable 
that  when  the  conditions  are  better  imderstood  this  trouble  may  be 
obviated.  The  briquets  from  test  268  were  stronger  than  those  from 
any  other  of  the  nine  tests  made  of  this  coal,  but  those  from  test  269 
were  almost  as  strong.  The  briquets  made  with  7  per  cent  of  water- 
gas  pitch  alone  (test  271)  were  of  excellent  quality,  but  were  somewhat 
sticky  when  hot,  although  they  were  loaded  into  the  car  direct  from 
the  machine  with  very  little  breakage.  No  samples  were  taken  for 
sizing  tests  and  chemical  analyses  from  the  briquets  made  in  tests 
263  to  270,  inclusive,  as  all  these  tests  were  of  preliminary  nature. 
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FUEL-BBIQUBTTING  INVESHGATIOITS. 
BriqueUing  tetia. 


Tost  No. 

263. 

264. 

270. 

266. 

286. 

Details  of  maaufBcture: 

Machine  used 

Renfrow  No.2 
198 

Flour. 

6110 

1.0 

600 
0.658 

English. 
201 

Flour. 

6110 

2.0 

600 
3.56 

Renfrow  No.2 

English. 

201 

f           Flour. 
\      W.  O.  P. 
r     FlourOllO 
tW.Q.P.5g39 
/          1  flour. 
\     8W.G.P. 

500 

3.47 

English. 

Briquetting  temperature, 

Binder- 
TTfnrt  , 

Flour. 

6110 

4 

600 
0.596 

7.29 

79.5 
20.6 

89.0 
11.00 

96.0 

132 
E 

1 
10.60 

1.079 

Flour. 

W.G.  P. 

FhnirOllO 

W.G.  P.  5939 

2  floor. 

2  W.G.  P. 

600 
3.55 

Laboratory  No 

Amount per  cent. . 

Welriitof- 

Fuelbriquett©d...lb8.. 

Briquet,  average  .  .do. . 

Moisture  in  briquet  mixture, 

per  cent 

Drop  test  (1-inch  screen): 

Held percent.. 

Passed .\T.do.... 

Tumbler  test  (l-looh  screen): 

Hel<t...... do.... 

Passed do.... 

Fines    through     10-mesh 

sieve percent.. 

Weather  test: 

Time  exposed days. . 

Condition. 

65.6 
34.5 

31.9 
68.1 

92.7 

132 

E 

8 
5.94 

1.53 
1.222 

60.2 
89.8 

66.0 
44.0 

92.0 

132 
E 

9 
9.76 

2.44 

1.184 

60.2 
39.8 

67.2 
32.8 

94.0 

132 
C 

8 
9.31 

2.31 

1.168 

76.1 
23.9 

75.6 
24.4 

89.2 

132 
D 

Absoiption  test: 

Tfine  immersed days. . 

Water  absorbed,  per  cent.. 

days. percent.. 

4 

10.29 

2,57 
1.157 

Size  as  used: 

Over  i  inch per  cent. 

^  inch  to  J  inch do. . . 

A  inch  to  ^  inch do. . . 

^  inch  to  ^  inch do. . . 

Through  A  Jnt'h do. . . 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature *F. 

Binder- 


Kind 

Laboratory  No.. 


Amount per  cent. 

Weii^t  of— 

Fuel  briquetted pounds . 

Briquet,  average do. . . 

Moisture  in  oriqaet  mixture,  .per  cent. 
Drop  test  (1-incn  screen): 

Held do... 

Passed do... 

Tumbler  test  (1-lnch  screen): 

Held per  cent. 

Passed do... 

Fines  through  10-mesh  sieve. do. . . 
Weather  test: 

Time  exposed days . 

Condition 

Absorotion  test: 

Tune  Immersed days. 

Water  absorbed per  cent. 

Average  for  first  4  days do. . . 

Specific  gravity  (apparent) 


Test  No. 


267. 


Ranfh)w  No.  2 


Flour. 

W.  G.  P. 

Flour6110 

W.  Q.  P.  6041 

2  flour. 

2  W.  O.  P. 

600 

0.662 


840 
16.0 

81.0 
19.0 
06.7 

132 
E 

4 
11.47 
2.87 
M60 


Renftow  No.  2 


Flour. 

W.  Q.  P. 

Flour  6110 

W.G.  P. 5941 

2  flour. 

3  W.  G.  P. 


0.588 
6.29 


87.0 
13.0 

91.0 
9.0 
96.7 

132 
B 

5 

8.09 
2.00 
1.196 


269. 


R0nfJrDwNo.2 


Flour. 

W.  G.  P. 

Flour  6110 

W.G.  P. 6941 

2  flour. 

2  W.  G.  P. 

600 

0.662 

5.72 

84.5 
15.5 

88.0 
12.0 
97.0 

132 
.      C 

4 

16.56 
4.14 
L067 


271. 


0.0 
9.3 
35.5 
29l2 
28.0 

Renftow  No.  2 

196 

W.  O.  P. 
5941 


81,350 
a633 
5.21 

4&5 
53.5 

5&0 
43.0 
95.5 

127 
A 

12 
15.31 
3.56 
1.100 


•  Sample  crumbled  after  one  day's  hnmenioii. 
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DETAILS  OF  BRIQITETTING  TESTS.  251 

Chemical  arudyses  of  semibituminous  coal  from  LawUnty  W,  Fa.,  and  of  flour  hinder. 


Raw 

fuel. 

Test 
271. 

Flour 
binder. 

Laboratory  No 

6676 

2.80 
17.10 
74.80 

6.30 
.86 

4.76 

85.07 

1.44 

2.41 

5713 

3.28 
18.50 
73.44 

4.78 
.84 

4.76 

86.06 

1.11 

3.28 

6110 

Prcudniate: 

Motetnre 

Volatile  matter 

Fixed  carbon 

\8h 

per  cent. . 

do.... 

do.... 

do.... 

13.30 

72.80 

13.50 

.90 

Sulphur. 

do.... 

.10 

Ultfmato: 

Hydrogen 

do.... 

Carbon...                     

do.... 

Nitrogen 

do.... 

Oxygen , 

do... 

Extraction,  analyseg. 


Binders. 


Pitch. 


Flour. 


Pitch. 


Fuel, 
J-8. 


Briquets, 
test 
271. 


Laboratory  No 

Ai^drying  loss 

SxtzBCtea  by  CSt  (as  received) . 
Pitch  in  briquets  by  analysis.. . 
Heat  value 


.percent. 

do... 

do... 

...B.t.u. 


5941 


6110 


98.44 
'i6,'978 


98.13 


6676 
2.20 
0.52 


6,996 


16,781 


14,701 


6713 
2.90 
4.80 
4.38 
14,684 


WEST  VntOINIA-^AMESTOWK  NO.  0. 

The  sample  designated  as  Jamestown  No.  9  consisted  of  two  cars 
of  semibituminons  run-of-mine  coal  from  a  mine  working  the  Sewell 
bed,  Winona,  Fayette  County,  W.  Va.,  on  the  Chesapeake  &  Cihio 
Railway. 

The  coal  was  briquetted  with  three  different  kinds  of  pitch  binder. 
The  briquets  from  test  274  made  with  water-gas  pitch  (Lab.  No.  5939) 
were  the  strongest  of  the  three.  All  three  tests  made  excellent 
briquets,  which  gave  a  good  metallic  ring  when  knocked  together, 
had  smooth,  hard  surfaces,  were  broken  with  difficulty,  and  had  firm 
and  glossy  fractured  surfaces.  No  analyses  of  briquets  from  tests 
273  and  274  were  made. 

Briquetting  testa. 


Test  No. 

272. 

273. 

274. 

Slseasused: 

Over}  ineh percent.. 

0.0 
7.9 
22.9 
30.5 
37.1 

Rento)wNo.2 
195 

W.G.  P. 

5941 

7 

46,000 
0.626 

^  incb  to  \  inch .". . .  do 

A  inch  to  A  inch do. . . . 

^  tach  to  A  inch do 

Through  A  inch do ... . 

Details  of  manuiietcturB: 

Ma^hliu^  ^iflfMj 

Renfrow  No.  2 
198 

W.  0.  P. 

6663 

7 

2,000 
0.602 

RenfJrow  No.  2 

Briquetting  temperature •  F . . 

198 
W.  G.  P. 

Laboratory  No 

5089 

Amount per  cent. . 

Weight  of- 

Fuel  briquetted pounds.. 

Briquet,  average do. . . . 

7 

2,000 
0.610 
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FUEL-BMQUBTTING  INVESTIGATIONS. 
BriqueUing  testo^-Continued. 


Test  No. 

272. 

278. 

274. 

Moisture  in  briquet  miztore 

per  cent. . 

S.66 

S7.5 
42.6 

610 
30.0 
O&l 

125 
A 

12 
10.66 
3.49 
1.072 

Drop  test  (1-inch  screen): 

Tumbler  test  (1-inoh  screen): 

Held 

Passed 

do.... 

do.... 

do.... 

do.... 

71.0 
28.0 

77.0 
23.0 
M.7 

£2 
A 

21 

13.02 

2.75 

1.118 

78.0 
27.0 

83.5 
16l5 

Fines  througti  10-mesh  sieve 

Weather  test: 

Time  exposed 

Condition 

do.... 

dayi.. 

M.6 

126 
A 

Absorption  test: 

Time  inuneraed 

Water  absorbed 

day;- 

per  cent. . 

13 
13.14 

Average  for  first  4  days 

Specific  gravity  (apparent) 

do.... 

2.79 
1.117 

Chemical  ancdyses  of  coal  and  briquets. 


Raw 
fuel. 

Test 
272. 

Laboratory  Ko. 

6709 

3.98 
23.21 
07.41 

6.40 
.00 

5.01 

82.86 

1.40 

4.48 

5746 

Proximate: 

ner  cent.. 

^64 

volatf  1^  TFi«t*4^ 

do 

25.29 

Fixed  carbon 

Ash 

do.... 

do.... 

67.61 
4.46 

Sulphur 

do  .. 

.65 

Ultimate: 

Hvdrosen 

do.... 

&00 

Gtf bon 

do.... 

84.57 

Nitrogen 

do.... 

1.14 

Oxygon 

do... 

4.06 

Extraction  analyses. 


PltchM. 


Fuel, 
J-0. 


BriqneCSf 
UttTtX 


Laboratory  No 

Air-drying  loss 

Extracted  by  CSi  (as  received). 
Piteh  in  briquet  by  analysis.... 
Heat  value 


.percent. 
do... 


6041 


...do... 
.B.  t.  u. 


96.44 
'i6,'978 


6663 


90.33 
'i6,"7i8' 


96.13 


5709 
3.00 
0.69 


16,781 


14,238 


6745 
2.10 

ir77 

4.18 
14,099 


WEST  VntOINIA-^AMESTOWK  NO.  10. 

The  sample  designated  as  Jamestown  No.  10  consisted  of  two  cars 
of  semibituminous  run-of-mine  coal  from  a  mine  working  the  Beckley 
bed,  Stanaford,  Raleigh  County,  W.  Va.,  on  the  Chesapeake  &  Ohio 
Railway. 

Test  275  gave  satisfactory  briquets  with  6  per  cent  of  water-gas 
pitch  (Lab.  No.  5941).  The  briquets  had  smooth,  firm  surfaces,  sharp 
edges,  were  broken  with  difficulty,  and  had  firm  and  glossy  fracture 
surfaces. 
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DETAILS  OF  BBIQUETTING  TESTS. 
Briquetting  test. 
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Size  as  used: 

Over  ^  inch percent.. 

^ Inch  to  i  Inch do.... 

^inchtOtViiu^ do 

A  inch  to  A  inch do 

Tbrough^^h do 

Details  of  manuliacture: 

Machine  lued 

Briquetting  temperature *F . . 

Khid 

Laboratory  No 

Amount per  cent. . 

WMitot-r- 

Fuel  briquetted pounds. . 

Briquet,  average do 

Moisture  in  briquet  mixture. per  cent, 


Test  275. 


4.5 
16.0 
28.8 
25.4 
25.3 

English. 
182 

W.  O.  P. 
5941 


53,550 
3.83 
6.45 


Drop  test  (1-inch  screen): 

Held per  cent 

Passed do.. 

Tumbler  test  (1-inch  screen): 

Held do.. 

Passed.: do.. 

Fines  through  10-mesh  sieve. do. . 

Weather  test: 

Time  exposed days 

Ckmdition 

Absorption  test: 

Tune  immersed days 

Water  absorbed per  cent 

Average  for  first  4  days do. . 

Specific  gravity  (apparent) 


Test  275. 


33.7 
66.3 

55.0 
45.0 
90.0 

120 
A 

21 
8.75 
2.07 
1.206 


Chemical  analyies  of  coal  and  briquets. 


Test  275. 


Laboratory  No 

Proxiniate: 

Moisture 

Volatile  matter. 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 


5746 

3.83 
18.69 
09.03 

8.45 
.91 

4.63 

81.32 

1.24 

3.07 


Extraction  analyses. 


Pitch. 


Fuel, 
J-10. 


Briquets, 
test  275. 


Laboratory  No 

Air-dryinc;  loss 

Extracted  by  CS|  (as  received). 

Pitch  in  briquet  by  analysis 

Heat  value 


.percent.. 

do.... 

do... 

...B.  t.  u.. 


5941 


98.44 
16,978 


5719 
1.40 
a64 


14,024 


5746 
3.40 
5.07 
4.53 
13,871 


WEST  VIBOINIA-.TAMESTOWK  NO.  11. 

The  sample  designated  as  Jamestown  No.  11  consisted  of  two  cars 
of  semibituminous  run-of-mine  coal  from  a  mine  working  the  Beckley 
bed,  West  Ealeigh,  Raleigh  County,  W.  Va.,  on  the  Chesapeake  & 
Ohio  Eailwaj. 

In  test  276  excellent  briquets  were  made  from  this  coal  with  7  per 
cent  of  water-gas  pitch  (Lab.  No.  6941). 

In  test  277  six  tons  of  briquets  was  made  on  the  English  machine, 
with  3  per  cent  of  flour  for  a  binder.  The  briquets  were  strong  even 
after  standing  for  three  months  in  a  damp  place,  and  briquets  kept 
in  a  dry  place  for  seven  months  appeared  as  good  as  when  first  made. 
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PXJBL-BRIQUETTING  INVESTIGATIONS. 


After  exposure  to  the  weather  for  six  weeks  in  the  wintertime,  a 
sample  of  the  briquets  could  be  handled  and  was  still  serviceable,  so 
that  it  would  seem  that  flour  may  be  considered  a  satisfactory  binder 
when  the  briquets  made  from  it  are  not  exposed  to  the  weather  for 
more  than  two  months. 

In  test  289,  in  order  to  compare  flour  and  pitch  binders,  6  tons  of 
this  coal  was  briquetted  with  6  per  cent  of  water-gas  pitch  (Lab. 
No.  5940) ;  an  excellent  briquet  was  obtained.  A  comparison  of  the 
briquets  from  this  test  with  those  made  with  flour  binder  (test  No. 
277)  shows  that  the  flour  briquets  were  stronger  as  indicated  by 
physical  tests  but  did  not  resist  the  effects  of  weathering  as  well  as 
the  pitch  briquets. 

In  test  290  a  mixture  of  50  per  cent  of  Jamestown  No.  11  and 
50  per  cent  of  anthracite  coal  (buckwheat  size),  designated  as  James- 
town No.  18,  was  made  to  determine  whether  fine  anthracite  could  be 
improved  by  briquetting  with  a  bituminous  coal.  A  very  satisfactory 
briquet  was  obtained  which  had  a  firm,  smooth  surface,  was  hard  to 
break,  and  had  firm  and  glossy  fracture  surfaces. 

Briquetting  tests. 


Test  276. 


Test  277. 


Test  280. 


Te8t2B0.a 


Sise  as  used: 

Over  J  Inch per  cent. . 

A  Inch  to  I  Inch do 

i^lnch  to  iV^ch do 

A  inch  to  ^  Inch do — 

Through  A  toch do 

Details  of  manufacture; 

Machine  used 

Briquetting  temperature •  F. . 

Binder- 
Kind 

Laboratory  No 

Amount per  cent. . 

Weight  of— 

Fuel  briquetted pounds. . 

Briquet ,  average do 

Moisture  in  oriquet  mixture per  cent. . 

Drop  test  (1-incn  screen): 

Held do.... 

Passed do.... 

Tumbler  test  (1-inch  screen): 

Held do.... 

Passed do.... 

Fines  through  10-mesh  sieve do 

Weather  test: 

Time  exposed days. . 

Condition 

Absorption  test: 

Tune  immersed days. . 

Water  absorbed per  cent. . 

Average  for  first  4  days do 

Specific  gravity  (apparent) 


0.1 
7.4 
29.9 
27.7 
34.9 

Renfhiw  No.  2. 
190 

W.  O.  P. 

6941 

7 

42,000 

0.610 

4.00 

70.0 
30.0 

77.5 
22.5 
94.0 

120 
A 

9 
13.45 
3.25 
1.117 


11.41 

English. 
185 

Flour. 

0110 

3 

12,000 
d.78 
11.41 

n.2 
22.8 

ao.7 

39.3 
88.3 

120 
D 

5 
4.43 
1.05 
1.239 


0.4 

4.2 

23.2 

39.6 

32.0 

TCtiglfah, 


W.  G.  P. 

5940 
0 

12,750 
1.77 
10.10 

88.2 
31.8 

72.0 
28.0 
88.2 

102 
A 

31 
9.82 
1.21 
1.161 


5.7 
17.2 
19.6 
18.9 
38.6 

lengHgh- 
191 

W.  G.  P. 

5M) 

6 

12,350 
4.15 
&48 


31.7 

78.5 
21.5 
87.5 

102 
A 

31 

9.85 

1.31 

1.317 


a  Jamestown  No.  11, 50  per  cent;  Jamestown  No.  18, 50  per  cent. 
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Chemical  analyses  of  coal  and  briquets. 
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Raw  fuel. 

Test  370. 

Te8t2n. 

Test  380. 

Test  390. 

LabomtoryNo 

0718 

5756 

6111 

6113 

6113 

Proxbiiate: 

Alr-drylM  low 

percent.. 

1.M 
2.15 

3.80 
3.73 

3.30 
3.83 

0.80 
1.61 

2.30 

Mobture 

do.... 

3.43 

Volatfle  matter 

do.... 

15.06 

18.37 

15.77 

30.30 

13.03 

Fixed  carbon 

do.... 

75.46 

73.56 

74.50 

71.98 

75.93 

Aah , 

do.... 

7.33 

5.44 

5.90 

6.11 

7.63 

Sulphur....] 

intixnate: 

do.... 

.90 

.66 

.60 

.79 

.63 

Hydrogon 

do.... 

4.58 

4.54 

4.13 

4.00 

3.50 

CJBTbon 

do.... 

84.09 

86.15 

83.50 

82.58 

83.01 

Nitrogen 

do.... 

1.58 

1.36 

.88 

1.47 

1.50 

Extract  by  CSV (asreosived j.V. . . '. 
Pitch  in  briquet  by  analysis 

do.... 

1.84 

2.68 

5.55 

4.94 

3.45 

do.... 

do.... 

.50 

5.31 
4.73 

4.63 
4.31 

5.35 

5.13 

Heatvahie 

B.t.u.. 

U,391 

14,630 

14,186 

14,584 

13,931 

WEST  VntOmiA-^AMSSTOWK  NO.  12. 

The  sample  designated  Jamestown  No.  12  consisted  of  one  car  of 
semibituminous  coal  from  a  mine  working  Pocahontas  No.  3  bed, 
Switchback,  McDowell  County,  W.  Va.,  on  the  Norfolk  &  Western 
Railway. 

This  coal  was  briquetted  first  with  6  per  cent  of  water-gas  pitch 
(Lab.  No.  5941),  and  such  excellent  briquets  were  obtained  that 
test  279  was  made  to  see  whether  5  per  cent  of  the  same  binder  would 
make  a  satisfactory  briquet.  The  briquet  with  5  per  cent  of  pitch 
was  found  to  be  better  than  that  containing  6  per  cent.  Both  tests 
made  excellent  briquets,  which  had  firm,  smooth  surfaces,  were 
broken  with  difficulty,  and  had  firm,  close-grained,  and  shiny  fracture 

surfaces. 

Briquetting  tests. 


Skeasuaed: 

Over  i  inch percent 

^incE  to}iDclu do.. 

Alueh  to-^taioh do.. 

X,  jDchio  Tf^iDch do.. 

Through  Amch. do.. 

Detftfls  of  manufBctuie: 

KaehtDeuaed 

BriquettlDg  temperature •  F 

Kind. 

Laboratory  No 

Amount percent 

WeUitof- 

FuelMquetted pounds 

Briquets,  average do . . 

Moiiture  in  briquet  mixtore per  cent 

Droptest  (1-inch  screen): 

Held do.. 

Passed do.. 

Tumbler  test  (1-inch  screen): 

Held do.. 

Passed do.. 

Fines  through  lO-mesh  sieve do. . 

Weather  test: 

Time  exposed days, 

Condition 

Absorption  test: 

Tune  immersed days 

Water  absorbed percent 

Avenge  for  first  4  days do . . 

Specific  gravity  (apparent) 


Test  378. 

Testaro. 

5.6 
18.1 
33.8 
23.2 
19.3 

5.6 
18.1 
33.8 
23.2 
10.3 

Renfrow  No.  2. 
105 

Renfrow  No.  2. 
104 

W.  0.  P. 

6941 

6 

W.  G.  P. 

5041 

5 

88,000 

0.S76 

5.03 

16,000 
0.700 

50.0 
41.0 

66.5 
33.5 

72.0 
28.0 
00.0 

78.6 
21.5 
03.2 

137 
A 

137 
A 

6 
11.73 
2.01 
1.261 

4 
12.18 
3.06 
1.248 
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PUBL-BBIQUBTTING  IKVB8TIGATI0NS. 
Chemical  aruUydes  of  coal  and  briquets. 


Raw 
foeU 

T>BSt 

278. 

laboratory  No. ...      ...          .... 

5706 

3.01 
15.94 
76.81 

4.74 
.44 

5856 

Proziinste: 

Moisture 

neroent. . 

1.71 

Volatfl«TniiUfn- 

do 

13.96 

Fized  carbon 

do.... 

68.96 

Aflh 

do.... 

15.97 

Sulphur 

do.... 

.43 

Ultimate: 

do.... 

3.87 

SScS^::::::::::::::::::::::::::::::::: 

do.... 

74.41 

Nitrogen. 

do.... 

.78 

Oxygen 

do 

4.26 

a  Analysis  of  mine  sample;  no  car  sample  taken. 
Extraction  analyses. 


Pitch. 


Fuel, 


Laboratory  No 

Air-dr]rin£  loss par  cent. 

Extracted  by  CSi  (as received) do... 

Pitch  in  briquet  by  analysis do. . . 

Heat  value B.  t.u. 


5041 
*i6,"978 


5706 
2.40 
0.17 


14,715 


6866 
1.10 
5.74 
5.67 
12,938 


WEST  VntOmiA— JAMBSTOWN  NO.  13. 

The  sample  designated  Jamestown  No.  13  consisted  of  three  cars  of 
semibituminous  run-of-mine  coal  from  a  mine  working  the  Pocahontas 
No.  3  bed,  Ennis,  McDowell  County,  W.  Va.,  on  the  Norfolk  &  Western 
Eailway. 

This  coal  was  briquetted  on  both  the  English  and  the  Renfrew 
No.  2  machines.  The  briquets  were  shipped  from  the  plant  for  loco- 
motive tests  without  any  samples  being  retained,  so  no  physical  tests 
could  be  made  of  the  briquets.  In  appearance,  just  after  making,  the 
briquets  made  on  the  English  machine  were  very  satisfactory  and  had 
firm,  smooth  surfaces. 

The  locomotive  steaming  tests  are  briefly  described  under  the 
heading  ''Locomotive-boiler  Tests  ." 

Briqtietting  tesU. 


Details  of  manufaoture: 

Machine  used 

Binder- 
Kind 

Laboratory  No 

Amount percent.. 

Welfl^t  of  fuel  briquetted pounds . . 


Teat  387. 


Beolkov  No.  2. 


W, 


Q.T. 

5940 

6 

160,000 
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DETAILS  OF  BBIQUETTING  TESTS. 
Chemical  analyses  of  coal  and  briquets. 
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Raw  fuel. 

Test  286. 

T^fttMiretwy  No 

£829 

3.67 
16.09 
74.69 

6.55 
.46 

4.06 
84.84 

2.84 

5048 

Proximate: 

Kobtnra 

percent.. 
do 

3.10 

Volatile  matter.. 

17.08 

Fixed  earbon... 

....do.... 

73.11 

Ash. 

..do.... 

6.71 

'•  -  • ; 

....do-... 

.52 

Ultimate: 

....do.... 

4.16 

Cvbon        

do.... 

83.33 

....do.... 

1.00 

bzyt^ 

...do  ... 

4.05 

Extraction  analyses. 

Pitch. 

Fuel, 
J.  13. 

Briquets, 
test  286. 

Tyaboratoty No ..^...^a*.^^.^..                                            ....-_ 

6940 

5829 

2.80 

.34 

5948 

Air-drying  loss 

Ex&aotod  by  CSt  (as  received) 

Pitch  in  briquet  by  analysis 

Heat  value 

percent.. 

2.60 

do.... 

do.... 

96.60 

5.17 
5.02 

R.  t.11. 

16,780 

14,290 

14,299 

WEST  VntOmiA-^AMESTOWK  NO.  16. 

The  sample  designated  Jamestown  No.  15  consisted  of  several  cars 
of  semibituminous  run-of-mine  coal  from  a  mine  working  the  Sewell 
bed,  Minden,  Fayette  County,  W.  Va.,  on  the  Chesapeake  &  Ohio 
Railway,  and  was  tested  at  the  Norfolk  plant. 

In  test  280,  owing  to  the  presence  of  an  excessive  amount  of  mois- 
ture in  this  coal,  it  was  difficult  to  make  satisfactory  briquets  on 
the  English  machine.  Water  cracks  formed,  and  the  briquets  had  a 
porous  surface  which  was  easily  rubbed  off.  They  were  easily  broken, 
forming  considerable  slack.  As  the  flowing  point  of  the  binder  used 
in  this  test  was  194°  F.,  the  briquetting  temperature  of  187°  F.  was 
not  high  enough  to  soften  the  pitch  sufficiently  to  obtain  the  best 
results. 

In  test  281  the  briquets  made  on  the  Renfrow  No.  2  machine  were 
probably  stronger  than  those  of  test  280,  made  on  the  English  machine, 
but  the  sample  saved  for  the  physical  tests  was  mislaid,  making  it 
impossible  to  apply  tests.  The  briquets  were  hard  and  showed  no 
water  cracks,  although  the  coal  was  very  wet. 

The  briquets  made  were  delivered  to  the  Chesapeake  &  Ohio  Rafl- 
way  for  trial  under  locomotive  boilers.  For  results  of  the  locomotive 
steaming  tests  see  pages  114  and  115. 
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FUEL-BRIQUETTING  INVESTIGATIONS. 
BriqueUing  tests. 


Te8t2». 


Tot  281. 


Sice  as  used: 

Overilnoh percent, 

^inontoiinch do... 

A  inch  to ^ inch do... 

•Ar  Inch  to  ^  Inch do . . . 

Throagh  ^  Inch ,. . . : do . . . 

Details  of  manufacture: 

Machine  used 

Biiquetthig  temperature 'F , 

Kind 

Laboratory  No , 

Amount percent, 

Welriit  of— 

Fuel  briquetted I)ounds , 

Briquets,  average do . . , 

Moistaro  in  briquet  mixture per  cent , 

Drop  test  (1-incn  screen): 

Held.. do.. 

Passed do.. 

Tumbler  test  (1-lnch  screen): 

Held do.. 

Passed do.. 

Fines  through  10-mesh  sieve do . . , 

Weather  test: 

Time  exposed days 

Condition 

Absorption  test: 

Time  immersed days 

Water  absorbed percent 

Average  for  first  4  days do.. 

Specific  gravity  (apparent) 


0.1 
8.9 
27.1 
27.0 
36.9 

0.0 
5.1 
28.6 
32.8 
33.5 

English. 
^W7 

Renlh>w  No.  Z 
190 

W.  G.  P. 

5941 

6 

W.  O.  P. 

5941 

0 

7.04 

300,000 

0.720 

6.87 

19.6 

80.4 

48.8 

51.2 

88.9 

187 
B 

125 
B 

5 

7.87 

1.95 

1.186 

11 
12.01 
2.92 
1.0T9 

Chemical  analyses  of  coal  and  briquets. 


Rawftiel. 

Test  280. 

TestaSL 

LttboratoryNo --- 

5774 

8.80 
21.32 
67.80 

7.68 
.68 

4.66 

82.14 
1.36 
3.46 

6857 

1.09 
18.70 
73.60 

6.61 
.06 

4.63 

81.77 
1.21 
4.76 

58S9 

Proximate: 

Moisture 

percent.. 

3.21 

Volatile  matter 

do.... 

19.40 

Fixed  carbon 

do.... 

72.67 

As^ .     

do.... 

4.63 

Sulphur  .  . ■, 

do.... 

.68 

Ultimate: 

Hvdroeen 

do.... 

4.62 

Carbon 

do.... 

84.69 

Nitrogen 

do.... 

1.31 

OxTsen 

do..-. 

3.90 

Extraction  analyses. 


Pitch. 


Fuel, 
J-15. 


Briquets. 


Test  280.    Test  281 


Laboratory  No 

Air-drying  loss 

Extracted,  by  CSt  (as  received) . 
Pitch  in  briquet  by  analysis. . . . 
Heat  value 


.percent 

do 

do.. 

...B.  t.u 


5941 


98.44 
'i6,"978 


6774 
3.00 
0.42 


14,009 


5857 
0.40 
5.64 
5.22 
14,548 


5859 
2.50 
5.77 
5.46 
14,575 


WEST  VntamiA-^AMESTOWK  NO.  16. 

The  sample  designated  Jamestown  No.  16  consisted  of  semibitu- 
minous  run-of-mine  coal  from  West  Virginia. 
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The  coal  was  briquetted  with  four  different  kinds  of  water  gas 
pitch  binders,  6  per  cent  of  each  being  used.  Seemingly  the  best 
briquets  were  those  of  test  2S5,  although  those  of  test  282  were 
practically  as  good.  Both  of  these  tests  were  made  on  the  English 
machine.  Test  283,  made  on  the  Benfrow  No.  2  machine;  pro- 
duced satisfactory  briquets,  but  the  briquets  made  on  the  English 
machine  with  water-gas  pitch  in  test  284  (Lab.  No.  5939)  wece  not 
satisfactory,  as  they  did  not  stand  the  physical  tests  well. 

Tests  283  and  285  made  briquets  with  smooth,  firm,  fine-grained 
surfaces;  they  broke  with  difficulty,  and  had  firm  and  hard  fracture 
surfaces. 

Test  282  made  good  briquets  as  far  as  strength  was  concerned, 
but  their  surfaces  were  rough  and  coarse-grained,  and  their  edges 
rubbed  off  somewhat  easily.  They  broke  with  difficulty,  and  the 
fracture  surface  was  coarse,  firm,  and  duU-black  in  color. 

Test  284  furnished  very  poor  briquets,  the  surfaces  of  which  were 
rubbed  off  easily,  owing  eilJier  to  too  small  a  percentage  of  pitch  or 
to  too  low  a  briquetting  temperature;  the  briquets  were  easily 
broken,  and  the  fractured  surfaces  were  rough  and  easily  nibbed  off. 

The  entire  sample  was  made  into  briquets  and  delivered  to  the 
Atlantic  Coast  Line  Railway  Co.  for  locomotive  tests,  coal  from  the 
same  locality  being  regularly  used  by  the  engines  on  that  road. 

A  brief  description  of  the  locomotive  steaming  tests  and  results  is 
to  be  found  under  the  heading  '  'Locomotive-boiler  Tests." 

Briquetting  tests. 


Test  282. 


Test  283. 


Test  284. 


Test  285. 


Steeasued: 

Over  i  Inch per  cent. 

•^  Inon  to  ^  inch do... 

^  inch  to  ^  inch do . . . 

Ainchtovifhich do... 

Through^  inch do... 

Details  of  manafacture: 

Machine  used 

Briquetting  temporatare *F. 

Kind 

Laboratory  No , 

Amount percent. 

Wei^t  of— 

Fud  briquetted pounds. 

Briquets,  average do... 

Hoisture  in  briquet  mixture per  cent . 

Drop  test  (1-Jnoh  screen): . 

field.- do.. 

Passed do... 

Tumbler  test  (1-inoh  screen): 

Held do... 

Passed do... 

Fines  through  lO-mesh  sieve do... 

Weather  test: 

Time  exposed days, 

Condition 

Abeorption  test: 

Tnne  immersed days. 

Water  absorbed percent. 

Average  tor  first  4  days do. . . 

Specific  gra  vity  (apparent ) , 


5.0 
16.0 
31.4 
26.3 
21.3 

English. 
174 

W.  G.  P. 

4S79 
6 

62,048 
4.10 
0.65 

77.3 
22.7 

82.7 
17.2 
8S.0 

137 
B 

31 
9.79 
0.80 
1.206 


0.1 
14.4 
36.0 
26.9 
23.6 

Renfrow  No.  2. 
189 

W.  O.  P. 

5941 
6 

66,000 

0.641 

7.55 

36.5 
64.5 

56.0 
44.0 
00.1 

125 
B 

31 

10.55 

1.12 

1.126 


En^ish. 


Renfirow  No.  2. 


W.  G.  P. 

5939 

6 

30.600 
3.83 


39.2 
60.8 

47.8 
52.2 
90.1 

118 
B 

31 

15.98 

1.82 

1.112 


W.  G.  P. 

5940 

6 

87.400 
3.68 
8.40 

78.8 
21.2 

82.8 
17.2 
80.5 

118 
A 

31 

11.23 

1.13 

1.143 
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fu3;l-briqubtting  investigations. 

Chemical  analyses  of  coal  and  briquets. 


Raw 
fuel. 

TMt2S2. 

Test  283. 

Test  284. 

Test  285. 

laboratory  No . . 

6826 

4.80 
20.03 
67.74 

7.74 
.72 

4.00 

77.63 

1.27 

7.61 

6046 

2.21 

30.07 

52.07 

13.86 

.80 

4.27 
71.80 
1.11 
7.66 

6045 

3.27 
32.66 
66.62 

8.66 
.85 

4.67 

77.73 

1.35 

6.63 

6047 

3.06 
31.65 
58.74 

7.65 
.80 

4.60 

78.27 

1.27 

7.24 

6653 

Proximate: 

Moisture 

DOT  cent.. 

8.40 

Volatile  matter 

do...: 

do... 

do... 

Fixed  carbon 

Ash 

Sulphur 

Ultimale: 

Hydrogen 

Curlxm 

do.... 

do.... 

do.  .. 

Nitrogen 

Oxygen 

::::::::::::::::dS:::: 

Extraction  analyses. 

Pitches. 

Fuel, 
J-16. 

Briquets. 

Test 
282. 

Test 
283. 

Test 
284. 

Test 
285. 

Laboratory  No. .... . 

4870 

5830 

6040 

6941 

6825 
3.40 

0.68 

6046 
1.20 

6.43 

5.06 
12,780 

5045 
1.40 

6.30 

6.84 
13,754 

5047 
1.30 

5.10 

4.54 
13,030 

5853 

Air-drylne loss. . .  .per  cent  . 

7.00 

Extracted  by  C8|  (as  re- 
ceived)   per  cent . . 

Pitch  in  briquet  by  analysis, 
per  cent 

04.50 

06.13 

08.60 

08.44 

Heat  value B.tu.. 

16,805 

16,781 

16,780 

16,078 

13,480 

WEST  ViaaiNIA-^AMESTOWK  NO.  17. 

The  sample  designated  Jamestown  No.  17  consisted  of  semibitumi- 
nous  run-of-mine  coal  from  the  Pocahontas  No.  3  bed  of  West  Viiginiay 
and  was  tested  at  the  Norfolk  plant. 

Eighty  tons  of  this  coal  was  briquetted  for  a  special  test  on  the 

battleship  Connecticut  of  the  United  States  Navy,  and  as  it  was 

shipped  without  any  samples  being  retained,  no  data  exist  on  which 

to  make  a  report. 

Briquetting  tests. 


Test  388. 


DetaQs  of  manuCaoture: 

Machine  used 

Binder- 
Kind 

Laboratory  No 

Amount percent- 
Weight  of  fuel  briquetted pounds. 


American. 

W.  O.  P. 

5040 

6 

160,000 


Chemical  analyses. 

Raw  fuel. 

RawtaeL 

Laboratory  No 

5832 

3.16 
15.00 
76.73 

4.31 
.52 

Ultimate: 
Hydrogen.. 
Carbon 

■::::::::::::::^T.v. 

Proximate: 
Moisture 

percent.. 

do.... 

do.... 

do.... 

do.... 

4.28 
87.01 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

Nitrogen... 
Oxygen.... 

do.... 

do.... 

r^        1 

LOO 
2.7S 
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Extraction  analyses. 


Pitch. 


Fud, 
J-17. 


Laboratory  No 

Air-dryinffloos percent. 

Extracted  by  C8i  (as  received) do. . . 

HeatYalae B.t.  u. 


6040 


06.00 
1«,7K) 


2.80 
'i4,*746 


WYOMINO  NO.  1. 

A  sample  of  black  lignite  coal  (over  a  5-inch  screen)  from  near 
Sheridan,  Sheridan  County,  on  the  Burlington  system,  was  desig- 
nated Wyoming  No.  1,  and  a  part  of  the  sample  was  subjected  to 
briquetting  tests  on  the  English  machine  at  the  St.  Louis  plant. 

This  coal  was  a  black,  pitchy-looking  lignite,  which  contained  23 
per  cent  of  water.  It  was  first  tried  without  drying,  9  per  cent  of 
pitch  H  being  used.  Judging  from  the  resulting  briquets  there  was 
a  slight  excess  of  pitch,  but  on  account  of  the  large  proportion  of  water 
in  the  lignite  the  pitch  seemingly  failed  to  adhere  to  the  grains  of 
lignite.  The  fresh  briquets  did  not  stand  handling  well,  and  when 
broken  open  the  grains  of  lignite  seemed  to  be  coated  with  moisture, 
which  prevented  the  pitch  from  adhering  to  them.  Many  of  the 
briquets  were  porous,  not  being  suflBciently  pressed,  and  they  were  also 
brittle.  Some  of  them,  however,  were  fairly  good.  When  broken  and 
burned  in  the  stove  they  stood  up  well  in  the  fire  and  burned  better 
than  any  lignite  briquets  that  had  thus  far  been  made.  They  weighed 
on  an  average  6.31  pounds  each. 

Another  ton  of  this  lignite  was  ground  in  the  Williams  mill  and  run 
through  the  drier,  but  this  operation  removed  only  a  part  of  the  water, 
so  that  the  briquets  still  contained  considerable  moisture.  This  mate- 
rial was  briquetted  on  the  English  machine  with  8  per  cent  of  pitch  H. 
A  minimum  amount  of  steam  was  used,  which  did  not  contain  any 
excess  of  water,  and  a  maximum  pressure  was  applied.  As  received 
from  the  machine,  many  of  the  briquets  showed  perpendicular  cracks, 
due  to  excessive  pressure.  The  hot  briquets  did  not  stand  handling, 
the  individual  grains  of  the  lignite  seeming  to  be  wet  and  not  cohering 
at  all.  Many  of  them  would  crack  badly  under  their  own  weight. 
On  breaking  open  the  hot  briquets  the  grains  of  lignite  seemed  to 
move  about  as  if  alive.  This  lack  of  cohesion  continued  until  the 
pitch  became  rather  hard  and  could  not  longer  be  pressed  in  the 
machine.  Variation  in  the  pressure  of  steam  used  as  the  mixture 
passed  through  the  pug  mill  had  no  effect  on  the  cohesion  of  the 
briquets.  On  cooling,  however,  these  briquets  became  very  hard  and 
strong  and  broke  with  a  sharp  fractinre  and  with  only  a  small 
waste.'  In  burning  they  did  not  fall  to  pieces,  as  did  the  other 
lignite  briquets,  but  burned  satisfactorily.  They  were  very  light, 
weighmg  only  5.85  pounds  each,  and  had  a  specific  gravity  of  0.98. 
The  specific  gravity  of  the  coal  was  only  1.16.  The  crushing  strength 
of  these  briquets  was  9,600  pounds,  or  339  pounds  to  the  square  inclu 
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Another  ton  of  this  coal  was  tested  with  a  soft,  tough  asphalt, 
B6,  from  Casper,  Wyo.  As  had  been  shown  by  laboratory  tests, 
this  asphalt  could  not  be  used  alone  on  the  English  machine;  and 
as  a  result  the  lignite  was  briquetted  with  5  per  cent  of  asphalt 
B6,  2i  per  cent  of  rosin,  and  1  per  cent  of  lime  that  had  previously 
been  hydrated.  The  mixture  worked  perfectly  in  the  machine,  and 
the  hot  briquets  were  firm  and  easily  handled,  but  the  proportion 
of  binder  was  not  sufficient,  and  the  briquets  were  dry  and  not 
strong.  Another  reason  for  this  result  was  that  during  the  two 
crushings  and  dryings  of  the  lignite  the  grains  had  become  of  a 
nearly  uniform  size  (about  10-mesh  fineness),  so  that  the  briquets 
were  very  porous  in  spite  of  the  maximum  pressure  used.  In  burn- 
iQg,  the  briquets  fell  to  i)ieces.  They  weighed  on  an  average  5.40 
pounds  each.  A  combination  of  this  coal  and  asphalt  can  undoubt- 
edly be  obtained  that  will  briquet  satisfactorily. 

A  further  test  of  this  lignite  was  made  with  7  per  cent  of  a  mixture 
composed  of  20  parts  asphalt  and  1  part  rosin,  with  1  part  slaked 
lime.  The  coal  had  been  previously  dried.  The  briquets  were  poor 
and  disintegrated  badly  in  the  fire.  This  coal  was  again  tried  with 
the  same  binder  without  previous  drying.  The  resultant  briquets, 
though  better  physically,  did  not  have  so  much  cohesion  in  the  fire 
as  the  first.  It  is  probable  that  a  partial  drying  of  this  lignite  would 
give  the  best  results. 

A  supply  of  Wyoming  lignite  received  from  Casper,  Wyo.,  was 
briquetted  without  previous  drying  with  8  per  cent  of  a  mixture 
composed  of  2  parts  of  Wyoming  asphalt  to  1  part  of  rosin  and  1 
per  cent  of  slaked  lime.  The  resultant  briquet  stood  up  in  the  fire 
fairly  well,  although  it  disintegrated  a  little.  With  7  per  cent  of 
the  mixture  and  1  per  cent  of  slaked  lime  the  briquet  was  practically 
the  same;  with  6  per  cent  of  the  mixture  and  1  per  cent  of  slaked 
lime  the  briquet  was  crumbly;  and  with  7  per  cent  of  the  mixture 
without  lime  the  briquet  was  physically  a  little  tougher,  but  disin- 
tegrated more  in  the  fire  than  when  the  Ume  was  used.  On  increas- 
ing the  percentage  of  lime  and  using  7  per  cent  of  the  mixture  and  2 
per  cent  of  slaked  lime  a  briquet  was  obtained  that  looked  much 
like  those  made  with  the  7  to  1  combination  and  was  not  any 
stronger. 

Chemical  analysis  of  svJbHiuminous  coal  from  Sheridan,  Wyo. 


Car 
sample. 


car 


Laboratory  No 

Proxlinate: 

Air-drying  loss i)er  cent. . 

Moisture do 

Volatile  matter do 

Fixed  carbon do 

Ash do 

Sulphur do 


1479 

6.00 
22.63 
35.68 
37.19 

4.50 


Ultimate: 

Hydrogen per  cent . 

Carbon do... 

Nitrogen do... 

Oxygen do . . . 

I  Heat  value B.  tu. 


5.01 
70.97 

1.33 
16.13 
9,734 
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WYOMINa  NO.  6. 

Subbituminous  run-of-jnine  coal  from  3  miles  west  of  Kemmerer, 
Lincoln  County,  2  miles  from  the  Union  Pacific  Railroad,  was  desig- 
nated Wyoming  No.  6,  and  a  part  (24,000  pounds)  of  the  sample 
was  used  in  briquetting  t^t  134.  Steaming  test  419  was  made  of 
the  briquets  from  the  above  test. 

In  test  134  the  details  were  as  follows:  Size  of  coal  used:  Over 
one-fourth  inch,  2.4  per  cent;  one-tenth  inch  to  one-fourth  inch, 
9.2  per  cent;  one-twentieth  inch  to  one-tenth  inch,  22.2  per  cent; 
one-fortieth  inch  to  one-twentieth  inch,  26  per  cent;  through  one- 
fortieth  inch,  40.2  per  cent;  kind  of  binder,  water-gas  pitch;  labora- 
tory number,  3486. 

•English  briquets,  with  an  average  weight  of  3.18  pounds,  and  made 
at  179^  F.,  with  5,  6,  7,  8,  and  10  per  cent  of  binder,  would  not  cohere; 
all  the  briquets  could  be  crushed  in  the  hand.  In  the  weathering 
test  they  were  exposed  180  days;  the  condition  of  those  with  5  and  6 
per  cent  of  binder  was  D;  of  those  with  7  and  8  per  cent  binder,  E. 

Drop  test  (1-inch  screen). 


Peroentage  of  binder. 

5 

6 

7 

8 

Held 

3&4 
64.6 

61.3 
38.7 

74 
26 

79 

Paased ^ 

21 

Renfrow  No.  1  machine  briquets  made  at  149°  F.,  average  weight 
0.42  pound,  with  7,  8,  and  10  per  cent  binder,  were  not  improved 
by  an  increase  in  the  percentage  of  pitch;  all  of  the  briquets  were 
poor  and  could  be  crushed  in  the  hand.  In  the  weathering  test  they 
were  exposed  180  days  when  their  condition  was  E. 

Chemical  analyses  of  coal  and  briquets. 


Car  sam- 
ple. 

Test  134. 

Car  sam- 
ple. 

Test  134. 

Labontory  No 

3890 

19.00 
36.64 
41.24 
3.12 
.48 

Ultimate: 

Hydrogen... 

Carbon 

Nitrogen.... 
Oxygen 

...percent.. 

do.... 

do.... 

do.... 

6.31 
73.31 

1.21 
16.72 

Proximate: 

Molstare percent.. 

Volatile  matter do.... 

Fixed  carbon do.... 

Ash do.... 

Snlpbnr do.... 

15.57 

38.74 

42.87 

2.82 

.50 

4.99 
74.50 

1.03 
15.35 

Extraction  analyses. 


Pitch. 


Fuel. 


Wyo. 
No.  6. 


Briquets. 


Test  134. 


Laboratory  No 

Air-diytDfl;  loss 

Extractea  by  CSi  (as  leoelyed). 
Pttdi in  briquet  by  analysb... 
Heat  value 


.per  cent. . 

do — 

do.... 

...B.  t.u.. 


3486 


85.57 
"16,467 


3380 
11.30 
0.83 


10,307 


4.90 

5.82 

6.13 

10,994 


92012°— BuU,  6ft-13 18 
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MISCELLANEOUS  NO.  5. 

A  sample  of  coke  breeze  furnished  by  a  gas  company  was  used  in 
briquetting  test  152  and,  in  mixture  with  Tennessee  No.  4,  in  tests 
150  and  151.  The  data  of  briquetting  tests  Nos.  150  and  151  are 
included  under  the  discussion  of  Tennessee  No.  4. 

In  test  152  the  size  of  coal  used  was  as  follows:  Over  one- 
foiu'th  inch,  2.8  per  cent;  one-tenth  inch  to  one-fourth  inch,  11  per 
cent;  one-twentieth  inch  to  one-tenth  inch,  21.2  per  cent;  one-fortieth 
inch  to  one-twentieth  inch,  30.4  per  cent;  through  one-fortieth  inch, 
34.6  per  cent.  The  briquets  were  very  soft  when  warm,  showing 
nearly  25  per  cent  breakage  in  falling  from  the  delivery  belt  of  the 
machine  and  in  handling  with  coke  forks.  They  could  not  be  piled 
satisfactorily  while  warm.  When  cold  they  had  a  rough,  hard  sur- 
face, with  a  coating  of  brown  from  the  dies,  and  broke  without 
cnimbllog,  giving  a  rough  fracture  surface. 

BriqiteUing  tests. 


Details  of  maniifaotare: 

Machine  used 

Briquetting  temperature.  *  F. . 

Kind 

Laboratory  No 

Amount per  cent. . 

Weight  of— 

Fuel  briqnetted .  .poun(& . . 

Briquet,  average do 

Drop  test  (I-lncn  screen): 

Held percent.. 

Passed do 


Test  152. 


Renfrow  No.  1 

149 

W.  G.  P. 

3410 

8 

20,000 
0.437 

60.5 
39.5 


Tumbler  test  (l>bich  screen): 

Held percent.. 

Passed do — 

Fines  through  lO-mesh  sfeve, 
percent 

Weather  test: 

Time  exposed days..- 

Condition 

Absorption  test: 

Timeimmened days.. 

Water  absorbed per  cent. . 

Average  for  first  5  days,  .do — 

Specific  gravity  (apparent) 


Tertlfi2. 


72.5 
27.5 

9ao 

196 
A 

15 

20.0 

2.«4 

1.090 


Chemical  analyses  of  coal  and  briquets. 


Fuel. 

Test  152. 

Fntf. 

TwtlS2. 

Laboratory  No. 

3386 
10.72 
4.08 

3385 
5.01 
10.70 

Fixed  carbon... 

Ash 

Sulphur 

...percent.. 

do.... 

do.... 

73.25 
11.95 
1.02 

72.05 

Moisture 

VolaUle  matter... 

..percent.. 
do.... 

12.24 
1.05 

Extraction  analyses. 


Pitch. 


Fud. 


Briquets, 
taBtl52. 


Laboratory  No 

Air-drying  loss 

Extractedby  CSx  (as  received). 
Pitch  in  briquet  by  analyses. . . 
Heat  value , 


.per  cent. . 
..VT.do.... 

do.... 

...B.tu.. 


3410 


79.98 
"i6,'478' 


8.80 
0.50 


11,036 


33SS 

3.10 

e.74 

7.7^ 

12,119 


MISCBIXANSOtJS  NO.  9. 

Coke  breeze  from  a  plant  in  Madison,  111.,  was  designated  Miscel- 
laneous No.  9  and  was  used  in  briquetting  tests  247  and  249;  abb,  in 
mixture  with  Peuosylvania  No.  18,  in  briquetting  tests  238,  239,  240, 
f«d  2^8,    ThQ  b^Huets  from  t^t  347  vwe  uaed  in  a  special  wpol». 
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test.  A  description  and  data  from  tests  238,  239,  240,  and  248  are 
found  under  the  heading  '* Pennsylvania  No.  18/' 

In  test  247  the  size  of  coal  used  was  as  follows:  Over  one-fourth 
inch;  2.2  per  cent;  one-tenth  inch  to  one-fourth  inch,  8  per  cent;  one- 
twentieth  inch  to  one-tenth  inch,  15  per  cent;  one-fortieth  inch  to 
one-twentieth  inch,  25.6  per  cent;  through  one-fortieth  inch,  49.2 
per  cent.  Attempts  to  briquet  coke  breeze  with  unslaked  lime  as  a 
binder  were  unsatisfactory.  Briquets  were  made  by  the  addition  of 
pitch  to  the  lime,  and  showed  when  warm  characteristics  similar  to 
those  of  the  briquets  made  in  test  249.  The  cold  briquets,  however, 
were  much  harder  and  continued  to  increase  in  hardness  for  several 
weeks.  The  hardened  briquets  had  a  smooth  outer  surface  and  a 
rough,  hard  fracture  surface,  with  firm  edges. 

In  test  249  the  size  of  coal  used  was  as  follows:  Over  one-fourth 
inch,  1.6  per  cent;  one-tenth  inch  to  one-fourth  inch,  7.6  per  cent; 
one-twentieth  inch  to  one-tenth  inch,  15.8  per  cent;  one-fortieth 
inch  to  one-twentieth  inch,  25.8  per  cent;  through  one-fortieth  inch, 
49.2  per  cent.  The  characteristics  of  these  briquets  were  similar  to 
those  of  the  briquets  discussed  in  the  report  of  test  248.  The  briquets 
had  a  coating  of  bronze  from  the  dies,  which  showed  perceptably  the 
erosive  effect  of  the  coke.  Satisfactory  briquets  were  made  with  8 
per  cent  of  binder,  and  no  increase  in  cohesion  was  observed  when 
more  were  used. 

Briquetting  tests. 


Test  247.« 


Test  249. 


Details  of  manufacture: 

Hachine  used 

Briquetting  temperature "F. . 

Kind 

Laboratory  No 

Amount percent.. 

Wei^tof— 

Fuel  brlquetted pounds.. 

Briquet,  average do — 

Drop  test  (1-inch  screen): 

Held percent.. 

Passed do.... 

Tumbler  test  (1-lnch  screen): 

Held. do.... 

Passed. do — 

Fines  through  10-mesh  sieve do — 

Absoiptiontest: 

Tune  immersed days.. 

Water  absorbed percent.. 

Avenue  for  first— 

6  days do — 

5  days do — 

Specific  gravity  (apparent) 


R«nfrowNo.l. 

176 

4879 
8  of  each. 

6,000 
0.642 

66.0 
34.0 

86.6 
13.6 
65.0 

10 
10.0 

1.50 


Renfrow  No.  1. 
158 


W. 


O.  P. 

4879 

8 

2,000 
0.520 

67.0 
33.0 

79.5 
20.5 
81.0 

28 

18.8 


1.287 


2.60 
1.178 


a  The  briquets  made  >n  this  test  were  used  in  a  special  cupola  test 
fr  Water-gas  pitch  and  unslaked  lime,  8  per  cent  each. 

Chemical  analyses  of  coal  and  briquets. 


Laboratory  No 

Moistore percent. 

V(^tile  matter do. . . 


Raw 

fuel. 


4763 
1.95 
.89 


Tests  247 
and  249. 


4827     Fixed  carbon per  cent. 

2.61      Ash do... 

10.71  |i  Sulphur do... 


Raw 

fuel. 


75.50 
21.66 


Tests  247 
and  249. 


58.55 

28.18 

.98 


oogte 
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Extraction  analyaei. 


Pitch. 


Fuel. 


Briquets, 
tests  247 
and  249. 


Laboratory  No 

Air-drying  loss percent.. 

Extracted  by  CSi do — 

Pitch  in  briquet  by  analysts do 

Heat  value B.  t.  u. . 


4870 


94.60 


4763 
1.30 
0.15 


10,870 


4827 
1.30 
7.22 
7.50 
9,825 
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INVESTIGATIONS  OF  DETONATORS  AND  ELECTRIC 

DETONATORS. 


By  Clarence  Haijl  and  Spencer  P.  Howell. 


INTRODUCTION. 

Among  the  more  important  factors  involved  in  the  use  of  high 
explosives  in  blasting  operations  is  the  means  employed  to  bring  about 
the  detonation  of  the  charge.  When  flame  is  applied  to  high  explo- 
sives many  of  them  may  bum  if  not  confined;  but  all  of  them  when 
burning  under  certain  conditions  of  confinement  may  detonate. 
Detonation  may  also  be  effected  by  mechanical  means,  such  as  fric- 
tional  impact  caused  by  a  blow  or  by  rubbing  between  surfaces.  By 
this  means,  however,  the  full  effect  of  the  explosive  charge  may  not 
be  developed,  so  that  a  partial  detonation,  often  accompanied  by  the 
burning  of  the  explosive^  results. 

When  nitroglycerin  was  first  used  it  was  fired  by  the  application  of 
flame,  but  considerable  difficulty  was  experienced  in  exploding  it  with 
certainty  and  in  obtaining  uniform  results.  In  1864  Alfred  Noble,  a 
Swedish  engineer,  discovered  that  nitroglycerin  could  be  surely  and 
completely  detonated  by  exploding  in  contact  with  it  a  small  quantity 
of  an  initiatory  explosive.  Mercury  fulminate  was  the  substance 
then  found  capable  of  producing  the  best  results  There  are  many 
other  fulminates  and  other  substances  that  will  produce  complete 
detonation  of  commercial '  ^  high  "  explosives,  but  detonators  or  electric  ^ 
detonators  containing  mercury  fulminate  as  the  characteristic  ingre- 
dient are  still  almost  exclusively  used  in  this  country. 

The  term  ''detonator"  is  used  in  the  publications  of  the  Bureau  of 
Mines  to  designate  what  the  miner  calls  a  ''blasting  cap" — a  copper 
capsule  containing  a  small  quantity  of  some  detonating  compound 
that  is  ignited  by  a  fuse.  The  term  "  electric  detonator  "  is  applied  to 
a  blasting  cap  that  is  similar  except  for  being  ignited  by  means  of  a 
small  wire  which  is  heated  to  incandescence  or  fused  by  the  passage 
of  an  electric  current. 

One  of  the  conditions  prescribed  by  the  Bureau  of  Mines  for  a  per- 
missible explosive  ^  is  that  it  shall  be  fired  by  a  detonator,  or  prefer- 
ably an  electric  detonator,  having  a  charge  equivalent  to  that  of  the 
standard  detonator  used  at  the  Pittsburgh  testing  station.    A  further 

•  PanntaBlble  explosives  hare  a  sbort,  quick  flame  and  an  intended  especially  for  use  in  coal  mines 
rontatning  inflammable  gases  or  dnsts.   (See  liinera' Circular  6,  Bureau  of  Mines.)  ^-^  j 
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requirement  is  that  this  charge  shall  consist  by  weight  of  90  parts  of 
mercury  fulminate  and  10  parts  of  potassium  chlorate  (or  their  equiv- 
alents). 

At  the  request  of  a  manufacturer  of  permissible  explosives,  an  mveB- 
tigation  was  undertaken  by  the  bureau  to  determine  the  relative  ' 
strength  of  detonators  and  electric  detonators  having  different  com- 
positions. The  tests  of  electric  detonators  herein  reported  were 
conducted  by  H.  F.  Braddock,  junior  chemist;  J,  W.  Eost^,  J.  E. 
Tiffany,  junior  mining  engineers;  and  A.  S.  Crossfield,  junior  explo- 
sives chemist,  at  the  Pittsburgh  testing  station  of  the  bureau.  Similar 
tests  of  detonators  were  not  conducted  because  it  was  believed  that  tiie 
results  would  not  show  sufficient  variation  to  warrant  such  tests.  It 
is  hoped  that  the  conclusions  drawn  from  the  tests  made  will  be  of 
service  to  those  using  explosives  by  enabling  them  to  select  the 
grade  of  detonator  or  electric  detonator  that  will  insure  the  most 
effective  results.  The  conclusions  are  giveii  in  this  bulletin,  which  is 
published  by  the  Bureau  of  Mines  as  one  of  a  series  of  publications 
dealing  with  the  testing  of  explosives  and  the  precautions  that  should 
be  taken  to  increase  safety  and  efficiency  in  the  use  of  explosives 
in  mining  operations. 

The  results  of  the  experiments  described  in  this  bulletin  show  that 
the  average  percentage  of  failures  of  explosives  to  detonate  was  in- 
creased more  than  20  per  cent  when  the  lower  grades  of  electric 
detonators  were  used  instead  of  No.  6  electric  detonators,  and  was 
increased  more  than  50  per  cent  when  these  lower  grades  were  used 
instead  of  No.  8  electric  detonators.  It  is  noteworthy,  however, 
that  when  sensitive  explosives,  such  as  40  per  cent  strength  ammonia 
dynamite  (p.  33),  were  tested  under  conditions  ideal  for  detonation,  the 
same  energy  was  developed  irrespective  of  the  electric  detonator  used. 
When  tests  were  made  with  a  less  sensitive  explosive,  such  as  a  40 
per  cent  strength  ammonia  dynamite  containing  nitrosubstitution 
compounds  (p.  32),  the  energy  developed  increased  with  the  grade  of 
the  electric  detonator  used.  For  example,  the  average  efficiency  of 
four  different  explosives  was  increased  10.4  per  cent  when  a  No.  6 
electric  detonator  was  used  instead  of  a  No.  4  electric  detonator,  and 
14.9  per  cent  when  a  No.  8  electric  detonator  was  used  (see  tabulation 
on  p.  45).  The  results  of  the  tests  emphasize  the  importance  of  using 
explosives  in  a  fresh  condition,  but  as  fresh  explosives  can  not  always 
be  had  in  mining  work,  strong  detonators  should  be  used  in  order  to 
offset  any  deterioration  of  explosives  from  age. 

The  results  obtained  substantiate  the  following  conclusions:  (1) 
That  for  any  particular  manufacturer's  detonators  or  electric  deto- 
nators the  explosive  efficiency  increases  with  their  grade,  and  (2) 
that  the  four  No.  6  electric  detonators,  of  different  makes,  tested  have 
practically  the  same  explosive  efficiency  as,  and  each  is  considered 
equivalent  to,  the  Pittsburgh  testing  station  standard  No.  6  electric 
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detonator  for  use  with  perniissible  explosives  in  coal  mines  when  the 
No.  6  grade  is  prescribed. 

PREUMINABT  CONSIDERATIONS. 

Methods  for  determining  the  strength  of  detonators  or  electric  deto- 
nators by  mechanical  effects  may  be  classed  as  either  direct  or  indi- 
rect. The  direct  method  comprises  those  tests  in  which  the  mechan- 
ical effect  of  the  detonators  or  electric  detonators  is  determined.  The 
indirect  method  comprises  those  tests  in  which  the  mechanical  effect 
of  the  explosives  with  which  the  detonators  or  electric  detonators  are 
used  is  determined.  The  direct  method  offers  the  advantage  of  sim- 
plicity, and  usually  of  cheapness,  but  may  lead  to  grave  inaccuracies 
unless  checked  by  mechanical  effects  indirectly  determined.  The 
discussion  under  the  heading,  '^  Tests  Previously  Used  to  Determine 
the  Strength  of  Detonators"  illustrates  this. 

The  indirect  method  of  determining  the  mechanical  effects  of  ex- 
plosives, or  the  enei^  developed  by  them,  approximates  practical 
conditions  and  offers  an  accurate  means  for  determining  the  relative 
efficiency  of  detonators  and  electric  detonators  in  bringing  about 
complete  detonation  of  commercial  ''high"  explosives. 

As  all  direct  methods  of  testing  detonators  are  therefore  dependent 
on  the  indirect  method  for  verification,  the  first  experiments  under- 
taken were  to  determine  the  relative  strength  of  electric  detonators 
indirectly  by  comparing  the  energy  developed  by  different  commercial 
explosives  when  fired  with  different  grades  of  electric  detonators. 
Afterwards  tests  were  made  by  determining  the  relative  strength  of 
electric  detonators  by  direct  means^  and  a  test  was  devised  that, 
although  not  entirely  satisfactory,  gave  results  that  approximated 
more  closely  those  established  by  the  indirect  tests. 

Detonating  explosives  develop  their  energy  in  the  most  efficient 
way  when  fired  with  detonators  or  electric  detonators  that  completely 
detonate  or  expfode  them.  Obviously,  if  the  detonation  be  incom- 
plete, a  part  of  the  potential  energy  of  the  explosive  will  not  be 
released,  and  the  loss  of  energy  will  be  proportional  to  the  percentage 
of  the  charge  that  did  not  detonate.  In  blasting  .operations  an  incom- 
plete detonation  is  not  only  a  menace  to  safety,  by  reason  of  the  pos- 
sible explosion  of  the  unexploded  part  of  the  charge  and  of  the  harm- 
ful gaseous  products  resulting  from  the  blast,  but  in  many  cases  it 
acts  like  an  underloaded  shot  and  performs  little,  if  any,  useful  work. 

If  an  explosive  is  in  a  fresh  condition  and  is  sensitive  to  detonation 
and  no  obstacles  are  present  to  hinder  its  detonation,  then  any  deto- 
nator effective  enough  to  cause  its  complete  detonation  will  develop 
its  full  energj'. 

In  practice,  however,  conditions  ideal  for  detonation  rarely  and 
perhaps  never  exist,  because  the  commercial  explosives  are  somewhat 
insensitive  to  detonation  or  because  they  may  have  deteriorated  by 
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aging  before  use.  Furthermore,  crimped  paper  ends  of  the  cartridges, 
loose  material  in  the  drill  hole,  air  spaces  between  the  cartridges,  or 
cartridges  of  too  small  diameter  may  hinder  detonation. 

An  explosive  is  said  to  age  when  any  physical  or  chemical  change 
during  storage  a£fects  its  sensitiveness,  its  uniformity,  or  its  stability. 
Such  changes  are  usually  caused  by  the  temp^ature  and  the  humidity 
of  the  air  or  by  sunlight,  and  even  gravity  may  have  an  important 
effect.  If  the  explosive  is  placed  in  the  sunlight,  it  may  become 
unstable.  If  a  cartridge  of  dynamite  is  subjected  to  a  temperature 
above  90^  F.,  gravity  may  cause  the  segregation  of  nitroglycerin  in 
the  lower  end  or  side  of  the  cartridge.  If  nitroglycerin  explosives  are 
subjected  to  temperatures  alternately  above  and  below  52^  F.,  the 
nitroglycerin  tends  to  segregate  in  the  cartridge.  These  conditions 
affect  the  uniformity  of  the  explosives.  If  explosives,  especially 
those  containing  ammonium  nitrate  or  other  hygroscopic  salts,  are 
subjected  to  a  moist  atmosphere  they  tend  to  absorb  moisture.  If 
the  temperature  is  less  than  52^  F.,  nitroglycerin  explosives  other  than 
low-freezing  ones  may  freeze,  and  low-freezing  explosives  will  freeze 
at  a  temperature  less  than  35^  F.  Recently,  there  have  been  placed 
on  the  market  nitroglycerin  explosives,  styled  nonfreezing  explosives, 
that  are  declared  by  the  manufacturers  to  remain  unfrozen  when  the 
temperature  falls  as  low  as  0^  F.  Both  moisture  and  freezing  affect 
the  sensitiveness  of  explosives. 

The  results  of  preliminary  tests  indicated  that  it  would  be  impos- 
sible to  discriminate  between  commercial  electric  detonators  by  deter- 
mining the  energy  developed  by  explosives  used  with  them  unless  the 
explosives  were  insensitive  to  detonation  or  tested  under  conditions 
which  would  simulate  their  use  under  actual  mining  conditions;  con- 
sequently the  authors,  in  testing  electric  detonators  indirectly,  used 
explosives  in  an  insensitive  condition.  This  was  done  by  using  those 
that  were  naturally  insensitive,  such  as  an  explosive  of  class  1,'  sub- 
class h;  by  using  explosives  in  cartridges  having  small  diameters,  such 
as  the  20  per  cent  ''straight''  nitroglycerin  dynamite  in  cartridges  of 
{-inch  diameter;  in  an  aged  condition,  such  as  the  35  per  cent  strength 
gelatin  dynamite  two  years  old;  in  a  fi*ozen  condition,  such  as  40  per 
cent  strength  gelatin  dynamite ;  and,  in  the  case  of  ammonia  dynamite, 
by  the  addition  of  water. 

The  apparatus  used  in  the  experimental  study  were  the  Mettegang 
recorder,  small  lead  blocks,  and  Trauzl  lead  blocks.  The  results  of 
the  tests  differentiated  the  electric  detonators  in  two  ways.  In  the 
first  place  the  electric  detonator  either  did  or  did  not  cause  the  deto- 
nation of  the  explosives.  In  tabulating  such  results  the  number  of 
detonations  is  expressed  as  the  percentage  of  the  number  of  trials. 
Only  the  tests  of  those  explosives  were  considered  in  which  at  least 
one  failure  to  detonate  occurred  and  in  which  detonation  occurred  in 


•  For  an  ezpianatioo  of  daaalfloatlon  see  p.  13. 
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at  least  one  trial.  In  the  second  place,  those  trials  in  which  detona- 
tion occurred  were  used  as  a  basis  of  comparing  the  relative  explosive 
efficiency  of  the  electric  detonators.  The  results  of  only  those  tests 
in  which  each  of  the  electric  detonators  of  the  series  caused  detonation 
were  recorded.  The  results  are  expressed  in  percentages  of  explosive 
efficiency  as  compared  with  the  Pittsburgh  testing  station  standard 
No.  6  electric  detonator.  This  electric  detonator  offered  the  advan- 
tage of  being  included  in  both  groups  tested — the  Pittsburgh  testing 
station  standard  and  the  four  No.  6  electric  detonators. 

THEORY  OF  DETONATION. 

A  short  discussion  of  the  theory  of  detonation  as  presented  by 
Berthelot*  is  necessary  in  order  that  a  better  interpretation  of  the 
experiments  herein  reported  can  be  made.  The  theory  is  called  the 
^' explosive-wave"  theory,  and  it  has  been  generally  accepted  because 
all  detonation  phenomena  can  be  best  explained  by  it.  In  order  to 
analyze  the  propagation  of  an  explosive  wave,  the  wave  is  considered 
as  a  recurring  cycle  of  released  and  transformed  energy  with  four 
phases,  as  follows:  Mechanical  to  calorific,  calorific  to  chemical  (the 
phase  in  which  the  potential  energy  of  the  explosive  material  b 
released),  chemical  to  calorific,  and  calorific  to  mechanical. 

This  cycle  can  best  be  readily  understood  by  indicating  how  the  explo- 
sive wave  IS  propagated  through  a  cylindrical  file  of  a  homogeneous 
explosive  without  the  loss  of  enough  energy  to  interrupt  propagation. 

1.  Transfcrnuxlion  of  mecJumical  energy  to  calorific  energy. — When 
an  explosive  detonates  a  part  of  the  mechanical  energy  of  a  layer  of  the 
explosive  is  converted  instantly  into  heat  energy  in  the  adjacent 
layer  by  reason  of  the  impact  of  molecules.  The  efficiency  of  this 
conversion  is  low — certainly  less  than  50  per  cent — as  the  movement 
of  the  molecules  is  radial  and  they  are  only  partly  confined  by  the 
layer  of  explosive  in  the  file.  The  mechanical  energy  that  is  not 
converted  into  heat  energy  exerts  pressure  on  the  confining  medium 
and  thus  becomes  the  vehicle  through  which  work  is  accomplished. 
There  is  good  reason  for  beUeving  that  the  thickness  of  the  layer  of 
explosive  that  enters  into  the  first  phase  of  the  cycle  varies  with  the 
physical  properties  of  the  explosive  material,  principally  with  its 
elasticity  and  partly  with  the  velocity  of  the  molecules  that  are  in 
molecular  vibration.  The  less  elastic  the  explosive  material  and 
the  greater  the  velocity  of  the  molecules  the  thinner  the  layer,  and 
hence  the  more  times  the  cycle  will  recur  in  a  unit  length  of  the 
explosive  material. 

2.  Trangformaiion  of  calarific  energy  to  chemical  energy, — Some  of 
the  calorific  energy  of  the  layer  is  used  to  overcome  the  chemical 
stability  of  the  explosive  material,  which  may  vary  widely,  and  thus 
rdease  the  potential  energy  of  the  layer;  die  rest  of  the  calorific 

•  Berthelot,  M.,  Explosives  and  thetar  power,  1»2,  pp.  88-118.        OqOqIc 
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energy  is  used  to  accelerate  and  reinforce  the  chemical  action«  The 
layer  of  explosive  by  this  time  is  developing  a  tremendous  Idnetic 
energy  as  expressed  in  phase  3. 

3.  Tfangf<n'maii(m  of  chemical  energy  to  edhrific  energy. — All  coia- 
mercial  explosives  develop  heat  on  detonation.  This  phase  is  different 
from  the  others  because  each  of  those  represents  some  kind  of  kinetic 
energy  derived  entirely  from  the  preceding  phase,  and  consequently 
no  one  of  them  can  have  more  kinetic  energy  than  the  preceding 
phase  is  capable  of  transferring.  The  conversion  in  this  phase  is 
complete  because  all  the  potential  energy  released  becomes  kinetic 
energy,  which  is  largely  calorific  energy. 

4.  Tranrformatian   of  calorific  energy  to  meehameal  energy. — ^A 

simple  statement  of  this  phase  is  that  the  larger  volume  of  gases  then 

formed  from  the  layer  of  explosives  is  in  an  extremely  active  state 

of  molecular  vibration  and  that  these  molecules  are  then  manifesting 

their  energy  as  mechanical  energy.    The  efficiency  of  conversion  of 

calorific  energy  to  mechanical  energy  is  high  because  the  conversion 

is  very  rapid  and  radiation  and  conduction  losses  are  correspondingly 

small. 

DETONATION  OF  HIGH  EXPIiOSIVES. 

All  methods  used  to  initiate  the  explosive  wave,  or  to  detonate 
high  explosives,  involve  the  application  of  heat.  If  heat  be  applied 
directly  by  means  of  a  flame  such  as  is  produced  by  a  fuse,  squib,  or 
electric  igniter,  or  by  a  spark  or  an  incandescent  solid,  and  the 
explosive  be  of  the  first  order,  or  directly  explosive,  such  as  mercury 
fulminate  or  iodide  of  nitrogen,  then  detonation  is  sure  and  effective. 
If,  however,  the  explosive  be  of  the  second  order,  or  indirectly  explo- 
sive, such  as  dynamite,  permissible  explosives,  trinitrotoluene,  or 
guncotton,  then  detonation,  especially  complete  detonation,  does  not 
usually  occur;  hence  the  direct  application  of  heat  is  not  a  sure  and 
effective  means  of  producing  detonation. 

If  heat,  such  as  is  produced  by  the  physical  resistance  of  the  explo- 
sive to  a  blow  or  impact,  be  applied  indirectly  to  high  explosives, 
then  any  sufficient  blow  or  impact  will  cause  detonation;  that  is,  it 
will  initiate  the  four-phase  energy  cycle,  or  explosive  wave. 

Because  the  impact  produced  by  detonators  is  extremely  quick, 
and  their  mercury-fulminate  composition  has  a  high  density  and 
releases  considerable  kinetic  energy,  the  force  of  the  impact  is  in- 
stantly converted  into  heat  which  is  applied  to  a  thin  layer  of 
the  explosive  material,  thereby  overcoming  the  chemical  stability 
of  that  layer  and  initiating  the  explosive  wave.  Experience  and 
investigation  has  proved  this  means  of  producing  the  detonation 
of  explosives,  those  not  too  insensitive,  to  be  both  sure  and  effective; 
hence  one  is  not  surprised  to  learn  that  detonators  are  universally  used. 

As  the  mercury-fulminate  composition  of  detonators  is  an  explo- 
sive of  the  firot  order  it  may  be  detonated  by  fibre,  and  hence  fuse  may 
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be  used  in  connection  with  them.  Fuse  is  made  of  a  uniform  out- 
side diamet^  and  detonators  are  made  of  a  uniform  inside  diameter 
such  that  the  fuse  fits  snugly  into  them.  In  using  fuse,  it  is  cut 
square  across  and  inserted  into  the  detonator  until  it  gently  touches 
the  fulminate  mixture  and  then  the  detonator  is  crimped  on  the  fuse. 
Similarly  a  detonator  may  be  fired  by  means  of  a  small  platinum 
wire  embcidded  into  the  priming  composition  and  brought  to  incan- 
descence or  fused  by  the  passage  of  an  electric  current.  (See  figs.  1 
and  4.)  The  priming  composition  may  be  simply  an  easily  inflamed 
material  such  as  loose  guncotton,  a  match  composition,  an  exploeive 
of  the  first  order  such  as  mercury  fulminate,  or  a  mercuiy-fulminate 
composition.  The  priming  composition  is  placed  in  the  detonator 
directly  above  and  in  contact  with  the  main  charge.  The  platinum 
bridge  is  attached  at  each  end  to  an  insulated  wire;  the  two  wires, 
called  the  legs,  pass  through  the  plug  and  the  filling,  and  are  con- 
nected by  leading  wires  to  the  source  of  the  electric  current.  When 
a  detonator  is  fitted  with  means  of  firing  by  an  electric  current  it  is 
called  an  electric  detonator.  Electric  detonators  are  particularly 
adapted  to  shot  firing  in  fiery  mines,  or  to  the  simultaneous  firing 
of  several  charges.  They  are  also  adapted  to  any  purpose  for  which 
detonators  may  be  used,  and  as  their  use  offers  a*  greater  assurance 
of  safety  they  are  growing  in  favor. 

eijBctric  detonators  tested. 

The  electric  detonators  tested  were  designated  as  the  Pittsburgh 
testing  station  standard  No.  3,  No.  4,  No.  5,  No.  6,  No.  7,  and  No.  8, 
the  Western  Coast  No.  6,  the  special  No.  6,  and  the  foreign  No.  6. 
For  brevity  the  expression  Pittsburgh  testing  station  standard  is 
abbreviated  in  this  paper  to  P.  T.  S.  S. 

The  P.  T.  S.  S.  No.  3  electric  detonators  were  made  at  the  testing 
station  from  No.  3  detonators.  A  cross-sectional  view  of  one  of 
these  electric  detonators  is  shown  in  figure  1.  The  priming  charge 
consisted  of  0.02  gram  of  dry,  loose  guncotton  directly  above  and  in 
contact  with  the  compressed  charge.  The  sulphur  plug,  the  insulated- 
wire  legs,  and  the  platinum  bridge  were  so  placed  that  the  bridge  was 
embedded  in  the  loose  guncotton.  Then  the  molten  sulphur  was 
poured  over  the  plug  until  the  cap  was  filled. 

As  detonators  in  this  country  are  made  of  a  uniform  inside  diam- 
eter of  0.220  inch  and  electric  detonators  of  a  uniform  inside  diameter 
of  0.260  inch,  the  P.  T.  S.  S.  No.  3  electric  detonators  are  smaller  in 
diameter  than  aU  the  others  except  the  special  No.  6  electric  detonators 
which  were  also  assembled  at  the  Pittsburgh  testing  station.  It  was 
impossible  to  procure  No.  3  electric  detonators  in  the  open  market, 
as  their  manufacture  has  recently  been  discontinued. 

The  priming  charge  used  in  the  No.  3,  the  No.  5,  and  the  No.  7 
electric  detonators  consisted  of  loose  guncotton;  that  in  the  No.|4| 
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the  No.  6y  and  the  No.  8  electric  detonatois  was  conimeicially  pure 
mercury  fulminate. 

The  Western  Coast  No.  6  and  the  foreign  No.  6  electric  detonators 
were  used  as  received.  The  special  No.  6  electric  detonator  was 
made  at  the  testing  station  in  the  same  manner  as  the  P.  T.  S.  S. 
No.  3.  The  primer  of  the  western  coast  No.  6  was  loose  guncotton; 
that  of  the  foreign  No.  6  was  a  mixture  of  picric  acid  and  chlorate  of 
potash.  The  foreign  No.  6  was  so  called  because  the  detonator  was 
imported,  but  the  priming  charge,  sulphur  plug,  and  wires  were 
assembled  by  a  manufacturer  in  this  country. 

These  electric  detonators  are  representative  of  all  the  electric 
detonators  commercially  used  in  the  United  States. 

The  P.  T.  S.  S.  No.  4,  No.  6,  No.  6,  No.  7,  and  No.  8  were  used  as 
received  from  the  manufacturers.  Because  of  the  seemingly  erratic 
results  of  tests  with  the  P.  T.  S.  S.  No.  5  electric  detonators,  attention 
is  called  to  the  fact  that  they  were  from  3  to  3^  years  old  when  used, 
and  that  although  the  sulphur  plug  protected  the  fulminating  oom- 
position  somewhat,  they  were  not  in  first-class  condition. 

EXPIiOSIVES  USED  IN  THE  TESTS. 

The  explosives  used  in  the  tests  are  enumerated  below;  they  in- 
cluded certain  permissible  explosives  and  different  grades  of  commer- 
cial dynamites.  Explosives  designated  as  permissible  by  the  bureau 
are  grouped  in  four  classes.**  Class  1,  ammonium-nitrate  explosives, 
includes  all  explosives  in  which  the  characterisitc  material  is  ammo- 
nium nitrate.  The  class  is  divided  into  two  subclasses:  Subclass  a, 
including  every  ammonium-nitrate  explosive  that  contains  a  sensi- 
tizer that  is  itself  an  explosive,  and  subclass  6,  including  every 
ammonium-nitrate  explosive  that  contains  a  sensitizer  that  is  not  in 
itself  an  explosive.  Class  2,  hydrated  explosives,  includes  all  explo- 
sives in  which  salts  containing  water  of  crystallization  are  the  char- 
acteristic materials.  Class  3,  organic-nitrate  explosives,  includes  all 
explosives  in  which  the  characteristic  material  is  an  organic  nitrate 
other  than  nitroglycerin.  Class  4,  nitroglycerin  explosives,  includes 
all  explosives  in  which  the  characteristic  material  b  nitroglycerin. 

The  permissible  explosives  used  in  the  tests  were  as  follows:  Sam- 
ple 1,  sample  2,  and  sample  3  of  an  explosive  of  class  1,  subclass  a; 
sample  1  and  sample  2  of  an  explosive  of  class  1,  subclass  (;  and  an 
explosive  of  class  4. 

The  commercial  grades  of  dynamites  used  were  a  20  per  cent 
'^straight"  nitroglycerin  dynamite;  a  40  per  cent  strength  ammonia 
dynamite  (containing  nitrosubstitution  compounds);  a  40  per  cent 
strength  ammonia  dynamite;  a  35  per  cent  strength  gelatin  dynamite 
(2  years  old);  a  35  per  cent  strength  gelatin  dynamite  (3  years 
old);  and  a  40  per  cent  strength  gelatin  dynamite. 

«8ee  Mlnen'  Clroular  6,  Bureau  oC  Mines,  1912,  p.  lA. 
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The  results  of  physical   examination   of  the   above-mentioned 
explosives  were  as  follows: 

RuuiU  o/phyneal  examination  o/explonv€9  u$ed  in  tests. 


CbsB  and  grade  of 
ezplOB^es. 

1 

1 

1 

u 

1 
III 

< 

Color. 

Consistenoe. 

n^'«ff  1 .  subdasR  *  f  Sam- 

/ft. 
u 

u 

u 

If 

11 

u 

1 

u 

u 
u 

If 

u 

/ft. 

8 
8 
8 
8 
8 
8 
8 

7i 
8 

n 
'^ 

71 

Gmi. 
160 

174 

227 

277 

278 

160 

103 

220 

241 
268 

339 

205 

No-. 
Yes. 
Yes. 
Yes. 
Yes. 
No.. 
No.. 

Yes. 

Yes. 
No.. 

No.. 

No.. 

1.01 
1.09 
.03 
.88 
.88 
1.00 
1.18 

1.34 

1.43 
1.63 

1.00 

1.00 

Com 

Granular  and  fibrous;  fine;  soft; 
diy;slighttycQhesiTe. 

Powdered;  very  fine;  soft;  dry;  not 
cohesiTe. 

Onoolar,  flne;  dry;  soft;  digbtty 

oohedve. 
(Mktfaioas:  flue:  wet:  soft:  mod- 

CiMs  1.  subclass  a  (sam- 
ple aV 

Qass  1,  subclass  a  (sam- 
piesV 

niMK  1 .  !inlw4ft<M  h  fnantm 

do 

Mauve 

Com 

P«eli. 
C3aas  1.  subclass  6  (sam- 

c&t 

do 

do 

do 

do 

Drab 

ao  per  cent  "stnlght" 
mtroflyoerin     dyna- 
mite. 

40  per  cent  strength  am. 
mania  dynamite  (con- 
taining nitrosubstiUi- 

40  mromtstnmvtn  Am. 

moniadynim&a. 
35  per  cent  strength  081. 

atin   dynamite  (2 

years  old). 
35per  cent  strength  081. 

atln  dvnamite(3 

yeanold). 
«  per  cent  strength  gel- 

^dynamSS: 

Com 

do 

Drab 

eratelycobesive. 
Do. 

Do. 

Certain  of  the  different  explosives  used  in  the  tests  were  analyzed, 
with  results  as  follows: 

Results  of  analyses  of  certain  explosives  used  in  tests. 


Constituent. 


Sodium  nitrate 

Ammooinm  nitrate 

Woodpidp 

Wood  palp  and  crude  fiber.. 


Zinc  oxide. 


Stmdi..... 
VanUns.. 
Paraffln... 


Total.. 


Kind  of  exploalTes. 


II 


m 


1.30 
19.64 


C02.00 


16.22 

"i.'io" 


100.00 


1.03 
10.28 
4.97 


47.14 
18.78 


2.84 


2.84 

3.79 

.81 


100.00 


0.88 
21.60 


40.04 
18.89 
5.45 


1.44 
.88 
4.86 


100.00 


1.89 
29.03 


.88 
48.02 


2.16 
1.13 


4.88 
U.47 


100.00 


5.80 
28.10 


1.17 
52.20 


5.66 


1.07 
4.68 


1.24 
.23 


100.00 


1.47 
30.70 


.88 
64.27 


8.68 


1.03 
8.08 


100.00 


•  Anal>-st,W.C.Cope.        »  Analyst,  A.  L.  Hyde. 


c  Coottios  1.04  per  cent  sodium  chloride. 
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TESTS  PBBVIOUSIiY  USED  TO   DETERMINE   STRENGTH 
OP   DETONATORS   AND   EI^CTRIC   DETONATORS. 

Six  principal  tests  have  been  used  previously  to  determine  the 
strength  of  detonators  or  electric  detonators.    They  are  as  foUows: 

1.  Weight  of  charge. — Ever  since  it  was  observed  that  certain  ex- 
plosives would  not  always  detonate  with  a  certain  weight  of  charge 
of  mercury  fulminate  or  mercury-fulminate  composition  and  that 
these  same  explosives  would  always  detonate  if  the  weight  of  charge 
in  the  detonator  was  increased,  it  has  been  customary  to  vary  the 
charge  in  the  detonators  and  to  consider  the  weight  of  the  charge  to 
be  an  indication  of  the  strength  of  the  detonator.  There  are  several 
grades  of  detonators,  and  they  are  designated  by  the  charge  of  ful- 
minate composition  contained  in  them. 

Bigg- Wither^  arranged  the  following  table,  which  was  published 
in  1900: 

Weight  ofduvrge  in  different  grades  ofdetonalon. 


Charge  per 

detonator. 

GndeNo. 

Orams. 

Onins. 

0.30 

4.6 

.40 

6.2 

.M 

8.3 

.65 

10.0 

.80 

12.3 

LOO 

15.4 

«i 

1.26 

19.2 

7 

1.50 

23.1 

8 

2.00 

30.9 

It  is  to  be  noted  that  in  1900  there  was  no  great  variation  in  the 
composition  of  detonators.  There  is  no  indication  that  the  rela- 
tion between  the  effectiveness  of  the  detonator  and  the  weight  of  the 
charge  was  other  than  directly  as  the  first-power  fimction. 

2.  Deformation  or  penetration  of  lead  or  iron  plates.^ — Guttman^ 
states:  ''One  of  the  oldest  and  most  frequently  used  tests  for  meas- 
uring the  power  of  caps  (used  only  with  ordnance)  consisted  of  ex- 
ploding them  on  a  lead  or  iron  plate  resting  on  a  hollow  iron  ring  and 
estimating  their  strength  from  the  deformation  or  the  penetration 
of  the  block.  For  larger  detonators  of  between  one-half  gram  and  1 
gram  charge  as  used  for  borehole  shots,  the  plate  would  have  to  be 
of  greats  thickness." 

3.  Radial  lines  on  lead  plates, — ^Bigg-Wither,  in  the  article  meii- 
tioned  above,  describes  in  considerable  detail  tests  made  with  differ- 
ent detonators.  He  used  lead  plates  3  mm.  thick  for  detonators 
Nos.  1  to  3  and  lead  plates  5  mm.  thick  for  detonators  Nos.  4  to  8. 

a  Bigg-Wtther,  H.,  Notes  on  detonators:  Trau.  Inst  Uin.  Eng.,  yd.  21, 1900,  p.  442. 
h  iCnnroe,  C.  E.,  Lectare  on  chemistry  and  ezpIoBives,  1888,  pp.  22>2S. 
«  Guttman,  Oscar,  ICannlKstiin  Ofaxplostves,  voL  2, 1896,  pw  809. 
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The  lead  plates  were  supported  on  the  edges,  and  the  detonators  were 
placed  vertically  on  the  centers  of  the  plates.  He  further  states  that 
after  the  tests  the  plates  may  be  taken  as  direct  pictorial  records 
of  the  efficiency  of  the  detonators  but  that  they  do  not  record  the 
report  of  the  explosion,  the  recording  of  which  is  essential;  that  the 
detonating  effect  is  not  shown  so  much  by  the  punctures  as  by  the 
fine  radiating  marks  upon  the  surface  of  the  plates;  that  the  fine 
markings  show  that  the  force  of  the  explosion  smashes  the  copper 
tubing  to  powder,  some  of  which  often  adheres  to  the  sides  of  the 
plates,  and  that  when  there  are  fine  radiating  lines  around  the  cen- 
ter there  are  heavier  markings  outside.  The  difference  in  effect  is 
probably  due  to  the  upper  part  of  the  fulminate  not  beiog  com- 
pletely detonated.  The  results  of  tests  show  that  detonators  may 
absorb  moisture  when  stored  and  emphasize  the  importance  of 
using  a  detonator  of  h^her  power  than  would  be  otherwise  actually 
requisite. 

It  appears,  then,  that  this  test  is  one  that  might  readily  be  used  to 
distinguish  between  good  and  poor  or  defective  detonators  regardless 
of  the  charge  that  they  contain,  and  for  this  purpose  the  test  appears 
to  have  considerable  merit.  However,  as  an  indication  of  the  rela- 
tive effectiveness  of  detonators  of  different  grades,  that  is,  contain- 
ing different  weights  of  charge,  it  appears  to  have  Uttle  value. 

4.  PhotograpJi8  of  fiaahes  from  electric  detonators. — De  Grave"  con- 
ceived the  idea  that  the  flash  or  flame  of  a  detonator  might  vary  with 
the  grade  of  the  detonator,  and  such  was  the  result  of  tests  made  by 
him.  He  also  showed  that  there  was  little,  if  any,  difference  whether 
the  electric  detonator  was  of  high  or  low  tension.  The  following 
table  gives  the  results  for  low-tension  detonators: 

Eenilta  of  photographs  of  flashes  of  low-tension  detonators. 


Gnid6 
No.- 

Dim0ii8ioii  of 
flaah. 

Ineha. 
1.0  by 0.22 
1.6  by  .22 
i.7eby  -22 

1.79  by   .22 
2.0  by   .22 
2.0  by   .22 

This  test  was  rather  unique,  but  from  the  results  of  tests  reported 
it  is  evident  that  this  test  offers  no  advantage  over  that  of  the  simple 
determination  of  the  weight  of  charge  contained  within  the  detonator. 

5.  AbUUy  of  detonator  to  explode  similar  detonators. — This  test  is 
fully  stated  in  a  circular  dated  September  10,  1903,  issued  by  the 
chief  inspector  of  explosives  (Great  Britain)  to  the  manufacturers 

«  Pbotogiuphs  of  flasbfls  of  eleetito  detonatora:  Tnns.  Inst.  Min.  Eng.,  vol.  15, 1807,  p.  203. 
7S876**— BuU.  59—13 2 
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and  importers  of  detonators.  The  detonator  is  tiiere  defined'*  as 
''A  capsule  or  case  of  such  strength  and  construction  and  contain- 
ing one  or  the  other  of  the  following  explosives  of  the  fulminate  class 
in  such  quantities  that  the  explosion  of  one  capsule  or  case  will 
communicate  the  explosion  to  other  capsules  or  cases:  (1)  Fulminate 
of  mercury,  (2)  fulminate  of  mercury  and  chlorate  of  potash,  (3) 
other  compositions." 

It  is  obvious  from  the  definition  that  with  this  test  no  discrimina- 
tion between  the  detonators  of  different  grades  is  possible. 

6.  Effect  on  lead  block  when  detonator  is  fired  in  bore  hole. — ^At  the 
Massachusetts  Institute  of  Technology  in  1888-89,  tests  were  con- 
ducted by  Robert  C.  Williams  and  J.  B.  Seager  and*  reported  by 
Frederick  W.  Clark.* 

Tests  were  made  of  20  explosives,  triple  and  quintuple  detona- 
tors (caps)  being  used.  In  order  that  some  of  the  effect  of  the  detona- 
tor itself  might  be  eliminated  its  effect  was  determined  in  the  follow- 
ing way:  The  lead  block  used  was  a  frustum  of  a  cone  5^  inches 
high,  5i  inches  in  diameter  at  the  bottom,  and  5  inches  in  diameter 
at  the  top.  The  axial  bore  was  also  a  frustum  of  a  cone  three-fourths 
of  an  inch  in  diameter  at  the  top,  five-eighths  of  an  inch  in  diameter  at 
the  bottom,  and  2i  inches  deep.  In  casting  the  blocks  the  lead  was 
poured  when  ''just  barely  melted'';  the  finished  block  weighed  about 
45  pounds.  The  detonator  was  placed  in  the  bore  hole,  tamped  with 
dry  quartz  sand,  and  fired  by  means  of  fuse.  As  the  detonators  were 
slightly  less  than  one-fourth  of  an  inch  in  diameter  the  distance  between 
the  caps  and  the  walls  of  the  bore  hole  averaged  three-sixteenths  of  an 
inch.    A  tabulation  of  the  results  of  the  tests  follows: 

ResulU  offirmg  deUmaton  in  bore  holes  of  lead  blocks. 


Grade  of  detonator  (cap). 


Capacity  of  bore  hole. 


Before 

fliiog 

detonator. 


After 

firing 

detonator. 


niflerence.  I   Avenge. 


"Eagle"  triplea 

"Eagle"  quintuple* 


C.c. 
14.3 
14.3 
14.3 
14.3 
14.3 


C.c. 
17.0 
16.3 
16.6 
17.2 
17.6 


C.c. 


2.7 
2.0 
2.3 
2.9 
3.2 


C.c. 


2.3 
3Ll 


a  At  that  time  the  commercial  grade  name  of  the  Pittsbmgh  testing  station  No.  3  detonator. 
b  At  that  time  the  commercial  grade  name  of  the  Pittsbuigh  testing  station  No.  5  detonator. 

It  is  evident  that  the  method  of  conducting  these  tests  was  such 
that  only  a  part  of  the  energy  of  the  detonator  was  represented  by 
the  expansion  of  the  bore  hole  because  much  of  the  energy  was 

o  PiBCtioal  Coal  Mining,  vol.  2, 1908,  p.  237. 

h  Some  tests  of  the  relatlye  strength  of  nitrofi^yoerln  and  other  ezplodTes:  Trans.  Am.  Inst.  Mln. 
▼ol.  18, 1800,  p.  515. 
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used  to  disint^rate  and  pulverize  the  sand.  This  was  proven  by 
tests  made  at  the  Pittsburgh  testing  station  with  electric  detonators 
containing  similar  charges.  A  No.  3  electric  detonator  when  fired 
in  a  cast-lead  block  with  a  bore  hole  of  such  size  that  the  detonator 
would  fit  snugly  within  it  produced  an  expansion  of  5.8  c.  c.  A 
similar  test  with  a  No.  5  electric  detonator  gave  an  expansion  of 
9.2  c.  c. 

In  the  tests  at  the  Massachusetts  Institute  of  Technology,  two  deto- 
nators fired  simultaneously  within  the  bore  hole  produced  consid- 
erably more  than  twice  the  expansion  produced  by  one  detonator, 
probably  because  the  distance  between  the  charge  and  the  sides  of 
the  bore  hole  was  less  and,  accordingly,  the  charging  density  was 
increased.     The  following  tabulated  results •  show  this: 

Results  of  firing  simuUaneausly  two  detonators  in  bore  hole  of  lead  block. 


Grade  of  detonator  (cap). 


Capacity  of  bore  hole- 


Before 

flrinc 

detonator. 


After 

flrtog 

detonator. 


Dlflerenoe. 


Average. 


"Eacle"  triple 

"Eagle"qi^tapie 


C.e. 
14.3 
14.3 
14.3 


C.e. 
21.9 
20.4 
20.0 


C.e. 


7.6 
6.1 
9.7 


C.e. 


6.8 
9.7 


Further  lead-block  tests  were  made  with  13  sensitive  explosives, 
both  triple  and  quintuple  detonators  (caps)  being  used.  The  charge 
consisted  of  6  grams  of  explosive,  loaded  and  fired  as  previously 
described.  The  conclusion  drawn  was  that  explosives  when  fired 
with  a  quintuple  detonator  produce  9.7  per  cent  greater  expansion 
than  that  produced  with  a  triple  detonator. 

It  is  evident  that  in  arriving  at  this  conclusion  the  author  did 
not  take  into  consideration  the  fact  that  the  quintuple  detonator 
had  a  charge  of  0.80  gram  of  fuhninating  composition,  that  the 
triple  detonator  had  only  a  0.54-gram  charge,  and  that  therefore  the 
weight  of  the  total  charge,  including  the  quintuple  detonator,  was 
increased  4.0  per  cent  over  the  weight  of  the  total  charge  when  triple 
detonators  were  used.  Furthermore,  the  4.0  per  cent  increase  in 
weight  represented  principally  mercury  fulminate,  a  powerful, 
quick-acting  explosive  which,  imder  the  conditions  of  the  tests, 
would  exert  its  full  effect  in  enlai^ing  the  bore  hole.  From  the 
data  presented,  the  results  can  not  be  properly  interpreted  as  indi- 
cating that,  with  small  charges  (in  this  case  6  grams)  of  an  explo- 
sive detonating  directly  under  the  influence  of  a  detonator,  an 
increase  of  the  force  of  the  explosive  was  obtained  with  a  detonator 
of  the  higher  grade. 


Digitized  by  LjOOQIC 


18       INVESTIGATIONS  OF  DETONATORS  AND  ELECTRIC  DETONATORS. 

The  results  of  tests  made  at  the  Pittsbui^h  testing  station  with 
sensitive  explosives  do  not  substantiate  the  conclusions  drawn.  In 
order  to  differentiate  between  grades  of  electric  detonators,  it  was 
necessary  to  use  large  quantities  of  insensitive  explosives  under 
conditions  simulating  those  of  actual  blasting  operations. 

TESTS  FOR  DETERMINING  DIRECTLY   THE    STRENGTH 
OF  P.  T.   S.   S.  ELECTRIC  DETONATORS. 

CHABACTEB  OF  BLECTBIC  DBTONATOBS  TESTED. 

Tests  for  determining  directly  the  strength  of  electric  detonators 
were  made  with  six  grades  of  P.  T.  S.  S.  electric  detonators  (fig.  1). 


No.  3 


No.  4 


0    .1     .2    .3    .4    .5 


No.  7 


No,S 


SCALE  IN  INCHEa. 
1 


_LJ 


.' 


Sulphur. 

A»phaltic  compotition. 
^^^^i\  Loom  mercury  fulmin«tt. 


LEGEND 

J  Sulphur  plug. 

^  Loos*  gun  cottort 

|Compr«M«d  marcury  futmirwto  compotWon. 


FiGUKE  1.— Cross-Bectional  view  of  six  P.  T.  S.  S.  electric  detonators. 

A jphysical  examination  of  each  showed  the  results  tabulated  below. 
Each  measurement  represents  an  average  of  the  measurements  of  five 
electric  detonators  of  a  given  grade. 
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Results  of  physical  examination  ofP,  T.  8,  8,  electric  detonators. 


GiBdeof 
electric 
detona- 
tor. 

Length 
ofsheU. 

Outside 

diameter 

f  shell. 

Inside 
diameter 
of  shell. 

Thiclniess 
OfsheU. 

Length 
ofoom- 
Ffessed 
charge. 

Length  of  Length  of 
priming    sulphur 
charge.       pmg. 

Length  of 
as^tio 
composi- 
tion, if 
any. 

Length  of 
sulphur 
fUlmg. 

No.3 

/ndk«». 
1.00 
1.25 
1.55 
1.55 
1.75 
2.00 

India. 
0.234 
.274 
.274 
.274 
.274 
.274 

liuihe*. 
a220 
.200 
.200 
.200 
.260 
.260 

Inche». 
0.007 
.007 
.007 
.007 
.007 
.007 

InOut. 
0.28 
.16 
.28 
.28 
.62 
.75 

IfuiheM. 
0.37 
.24 
.37 
.27 
.38 
.20 

Jnehu. 
0.25 
.31 
.28 
.25 
.25 
.31 

Ineka. 

Incha. 
0.10 

No.  4 

No.  5 

0.38 

.16 
.62 

No.6 

No.  7 

.50 

.25 
.50 

No.  8 

.50 

.34 

Details  of  the  wiring  of  the  electric  detonators  tested  are  given 
below: 

Details  of  the  wiring  of  six  grades  of  P.  T.  8.  8.  electric  delonatora. 


Grade  of  electric  detonator. 

Distance 
wires 

prelected 
below 

sulphur 
plug. 

Distance 

from 

end  of 

insulation 

to  end 

of  wires. 

No.3 

.12 
.16 
.12 
,19 
.12 

IfuAea. 
0.16 

No.  4 

.88 

No.  5 

.16 

No.6               .             

.94 

No.  7 

.16 

No.  8 

.76 

The  outside  diameter  and  the  thickness  of  the  shells  were  deter- 
mined with  micrometers.  The  inside  diameter  of  the  shells  was 
computed  from  the  figures  so  determined.  For  grades  Nos.  3,  5,  and 
7  the  priming  charge  was  guncotton.  No.  3  electric  detonators 
could  not  be  procured  from  the  manufacturers,  so  the  priming  charge, 
sulphur  plug,  and  sulphur  filling  were  placed  in  a  No.  3  detonator  at 
the  Pittsbui^h  testing  station;  all  other  electric  detonators  were 
purchased  from  manufacturers. 

The  weights  and  the  results  of  chemical  analyses  of  the  charges  of 
the  six  grades  of  electric  detonators  were  as  follows: 

Weights  and  results  of  chemical  analyses  of  charges  of  P.  T.  8.  8.  electric  detonators. 


Grade  of  electric 

Weight 
ofcom- 

charge. 

priming 
charge. 

Weight 

Percentage  in 

Percentage  in 

priming 
chargeoF- 

Percentage  in  total 
charge  of— 

of  total 
charge. 

Mer- 
cury 
fulmi- 
nate. 

Chlo- 
rate of 
potash. 

Gun- 
cotton. 

Mer- 
cury 
fulmi- 
nate. 

Mer- 
cury 
fulmi- 
nate. 

Chlo- 
rate of 
potash. 

Gun- 
cotton. 

No.3« 

Oranu. 

0.4920 
.3255 
.0990 
.6485 

1.4854 

1.5110 

Oranu. 

0.0300 
.3230 
.0940 
.3510 
.0247 
.3000 

Oranu. 

a5120 
.6485 
.7230 
.9096 

1.5101 

1.8110 

Perct. 
87.94 
88.51 
89.13 
88.82 
88.93 
89.77 

Perct. 
12.06 
n.49 
10.87 
11.18 
11.07 
10.23 

Perct. 
100.00 

ioaoo* 
'ioo'oo* 

Peret. 

'ioaoo' 
ioofoo* 
ioaw 

Perct. 
84.60 
94.24 
86.17 
92.75 
87.47 
91.47 

Perct. 
11.59 

6.76 
10.51 

7.25 
10.89 

8.53 

Perct. 
3.91 

No.  4« 

No.  5* 

3.82 

No.6* 

No.  7'    

1.64 

Xo.  8  rf           

a  Analyst,  A.  L.  Hyde. 
b  Analyst,  W.  C.  Cope. 


c  Analyst,  C.  A.  Taylor. 
<f  Analyst,  J.  H.  Hunter. 
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The  results  of  calorimeter  tests  are  tabulated  below: 

RestUta  of  calorimeter  tests  of  six  grades  of  P.  T.  5.  S,  electric  detonators. 


Grade  of  electric  detonators. 

Namberof 
eleotrlo 

detoDstors 
uMdin 

each  test. 

Number  of 

tests 
ftveiaced. 

Heat 

evolved 

per  electric 

detonator. 

ToUl 
detonator. 

Heat  evolved 
peretoctilc 
detonator  on 
the  basis  ofa 
cliareeof77.7 
per  cent  mer- 
cury fulminate 

and  33.3  per 
oentelik»at«of 
potash  (exact 
oombostion )  .• 

No.3    

30 
35 
30 
15 
10 
10 

1 
3 
3 
3 
3 
3 

*"     0.35 
.48 
.40 
.03 
1.01 
1.14 

Onnu, 

a  5130 

.0486 

.7390 

.0006 

1.6101 

1.8110 

Loryeeslorie*. 
0.36 

No.  4 

.46 

No.  6 

.51 

No.  6 

.71 

No.  7 

1.07 

No.8  

1.28 

«  Berthelot,  M.,  Explosives  and  their  power,  1803,  p.  470. 

The  tests  were  made  with  the  explosives  calorimeter*  of  the 
Pittsburgh  testing  station  and  the  rise  in  temperature  of  the  water 
surrounding  the  bomb  was  about  0.140^  C,  an  increase  too  small 
to  insure  the  moat  accurate  results.  Nevertheless,  the  results  are 
valuable  as  showing  the  potential  energy  of  the  electric  detonators 
and  that  the  potential  energy  is  approximately  a  direct  function  of 
the  total  charge.  The  last  column  is  added  to  show  how  close  the 
heat  evolved  per  electric  detonator  was  to  that  which  was  to  be 
expected  had  the  mercury-fulminate  composition  been  of  mercury 
fulminate  and  chlorate  of  potash  in  the  proportions  necessary  for 
exact  combustion. 

Sain&TBD  LEAD  BLOCK  TB8T8. 

Tests  of  the  six  grades  of  electric  detonators  were  made  with 
squirted-lead  blocks.  The  blocks  were  squirted  2  inches  in  diameter 
and  were  cut  3  inches  long.  The  axial  bore  hole  was  drilled  a  depth 
equal  to  the  length  of  the  electric  detonator  to  be  tested  and  a 
diameter  such  that  the  electric  detonator  would  fit  snugly  into  it. 
The  volume  of  the  bore  hole  was  measured  with  water  before  and 
after  firing  the  shot.  The  tendency  of  the  squirted  blocks,  because 
of  their  small  diameter  (2  inches),  to  bulge  around  the  sides  makes 
a  comparison  between  the  low-grade  and  the  high-grade  electric 
detonator  more  difficult  and  makes  impossible  a  comparison  of  the 
increase  in  volume  with  the  weight  of  total  charge.  Nevertheless, 
the  volume  increases  with  the  weight  of  total  charge  as  is  to  be 
expected. 

a  Hall,  Clarence,  Bnelling,  W.  O.,  and  Howell,  S.  P.,  Investigations  of  explosives  used  in  ooai  mines; 
with  a  chapter  on  the  natural  gas  used  at  Pittsburgh,  by  O.  A.  Bandit  and  an  introductioD  bf  C.  B. 
Ifunroe:  i3ull.  15,  Bureau  of  Mines,  1012,  p.  109. 
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The  results  of  the  tests  are  tabulated  below: 

ResiUta  of  tests  P.  T.  S.  S.  electric  detonators  with  squirted-lead  blocks. 


Test  No. 

Vohime  of  bore  holfr— 

iQcreaeeof 
volume 

after  firing 
electric 

Average 

increase  of 

volume. 

Weight  of 

total 

charge. 

Oiad*  of  eleetric  detonator. 

Before 

filing 

detonator. 

After 

No.  8 

AA47 
AA48 
AA46 
AA46 

AA20 

AA27 
AAIO 
AAll 
AA18 
AA19 
aAA16 
•  AA17 

Cc. 
0.9 
.9 

1.35 
1.35 
1.8 
1.7 
1.7 
1.7 
2.1 
1.9 
2.1 
2.15 

C.e. 
7.5 
7.2 
11.0 
10.8 
13.3 
12.6 

^    20.0 
19.8 
38.6 
38.9 
49.7 
49.6 

Cc. 
6.6 
6.3 
9.6 
9.4 
11.6 
11.1 
18.3 
18.1 
36.4 
37.0 
47.6 
47.45 

Cc. 

1  :: 

}           11.3 
j.           18.2 
1           36.7 
}           47.6 

Grams. 

No.  4 

No.  5 

0.6120 
.6485 

No.  6 

.7230 

No.7 

.9096 

No.  8 

1. 5101 

1.8110 

«  Bottom  blown  out  of  block;  it  was  fastened  in  with  paraffin  before  volume  of  bore  hole  was  measured. 
CAST  LEAD  BLOCK  TESTS. 

Tests  of  the  six  grades  of  P.  T.  S.  S.  electric  detonators  were  made 
also  with  cast-lead  blocks.  The  blocks  were  cast  as  solid  cylinders 
100  mm.  in  diameter  and  100  mm.  high.  The  axial  bore  hole  of  each 
was  drilled  a  depth  equal  to  the  length  of  the  electric  detonator  to  be 
tested,  and  of  a  diameter  such  that  the  electric  detonator  would  fit 
snugly  into  it.  The  volume  of  the  bore  hole  was  measured  with 
water  before  and  after  the  shot.  When  more  than  two  trials  were 
made  with  any  given  electric  detonator,  the  two  trials  that  were 
within  5  per  cent  variation  were  selected  for  averaging.  A  comparison 
of  the  average  increase  of  volume  (y)  with  increase  of  the  weight  of 
total  charge  (x)  shows  that  the  relation  i/=15.5  (x==0.12)  is  closely 
maintained. 

Plate  I  shows  the  comparative  effects  of  the  different  electric 
detonators  on  the  cast-lead  blocks. 

The  details  of  the  cast  lead  block  tests  are  tabulated  below: 

Results  of  tests  with  cast-lead  blocks  of  P.  T.  S.  S,  electric  detonators. 


Volume  of  bore  hole— 

Increase  of 

Teat  No. 

Increase  of 
▼olume. 

Average 

increase  of 

volume. 

Weight  of 

totel 

charge. 

volume  as 
compared 
with  total 
charge,  by 
formula 

Grade  of  electric 
detonator. 

Beibre  fir- 
ing electric 

After  fir- 
ing electric 

detonator. 

ir-16.6 
(r-0.12). 

C.e. 

Cc. 

Cc. 

Cc. 

Oranu. 

No.  8 

/     AA49 
AAfiO 

0.9 
.9 

6.6 
6.8 

6.7 
6.9 

5.8 

0.6120 

6.1 

No.4 

r     AA51 
AA52 

1.36 
1.S6 

9.3 
9.1 

7.96 
7.75 

}            7.8 

.6486 

8.2 

No.6 

/      AA3 
AA30 

1.7 
1.7 

11.1 
10.7 

9.4 
9.0 

\            9.2 

.7230 

9.3 

No.  6 

(     AA30 
JLA5S 

1.7 
1.6 

16.0 
15.2 

14.3 
13.6 

}            14.0 

.9996 

18.6 

No.7 

]     AA37 
AA44 

1.9 
1.9 

23.0 
22.8 

21.1 
20.9 

1           21.0 

1.5101 

21.5 

No.8 

(     AA42 
\     AA4S 

2.1 
2.1 

2a6 
28.0 

26.6 
25.9 

1           26.2 

1.8110 

26.2 
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TESTS  BY  EXPLOSION  OF  DETONATING  FUSE   (OORDEATT  DBTO- 
NANT)a  BY  INFLXTBNOE. 

The  usual  method  of  firing  detonating  fuse  (cordeau  detonant)  is  to 
place  a  detonator  on  the  end  of  the  fuse.  Some  detonators  will 
explode  detonating  fuse  when  not  in  direct  contact  with  it.  Hence, 
in  the  expectation  that  the  strength  of  an  electric  detonator  might  be 
determined  by  varying  the  distance  between  the  electric  detonator 
and  the  detonating  fuse,  trials  with  a  few  electric  detonators  were 
made  in  such  a  way  as  to  fix  for  each  grade  a  limiting  distance  at 
which  no  explosion  would  occur,  explosion  occurring  if  the  distance 
were  lessened  1  mm. 

The  detonating  fuse  was  arranged  in  the  four  different  ways  indi- 
cated in  the  following  tables: 

Results  of  explosion-by-infltience  tests  in  wkUh  deUmaJting  fuse  was  placed  parallel  viih 

electric  detonator. 


Grade  of  electric  detonator. 

Teet  No. 

Trial. 

^ES^ 

Remit. 

No.  ft. 

M243 
'  M24fi 

I 

e 
d 

e 
f 

i 

a 
6 
c 

Urn. 
20 
10 
5 
0 
0 
0 
0 
0 
0 
0 
0 

NoezpkMiao. 
Do. 
Do. 

^' 
Do. 

no. 

Do. 
Do. 
Do. 

No.  8 

Do. 

Do. 

Results  of  explosion-by-influence  tests  in  which  side  of  detonating  fuse  touched  the  end  oj 
the  electric  detonator  and  was  at  nght  angles  to  it. 


Grade  of  electric  detonator. 

Test  No. 

Trial. 

Benlt 

No.  6 

M244 

M246 

Noezploaioo. 
Do. 
Do. 

Do. 
Do. 

No.  8 

Do. 

Results  of  explosion-hy-influence  tests  in  which  detonating  fuse  and  electric  detonator  were 
placed  in  the  same  axial  line. 


Grade  of  electric  detonator. 

Test  No. 

Trial. 

SeparaUng 
dutanoe. 

Remit. 

No.  4 

M263 

i 

i 

i 

Mm. 

ExplOBion. 

NoezploeioiL 
Do. 
Do. 

NoezplotioD. 

Ezplostoo. 

Noexplosioa. 

Do. 

Do. 

Do. 

a  Bee  p.  66. 
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Results  of  explonon-by'influence  tests  in  wJnch  detonating  fuse  oTid  electric  detonator  were 
placed  in  the  same  axial  {ine--Contmued. 


Qrade  of  electric  detonator. 

Test  No. 

Trial. 

"dSS!?.*^ 

Result. 

Mm. 

No.  6 

M2fiY 

a 

3 

Explosion. 
Do. 

b 

4 

e 

6 

Do. 

d 

6 

Do. 

e 

7 

No  explosion. 

f 

7 

Do. 

I 

7 

Do. 

7 

Explosion. 

i 

8 

Do. 

i 

9 

Do. 

10 

No  explosion. 

I 

10 

Do. 

m 

10 

Do. 

n 

10 

Do. 

0 

10 

Do. 

No.  8 

M247 

d 

Explosion. 
Do. 

6 

e 

10 

No  explosion. 

d 

Do. 

e 

Explosion. 

f 

Do. 

I 

No  explosion. 
Exjdosion. 

i 

i 

No  explosion. 
Do. 
Do. 

. 

I 

.    Do. 

Results  of  explosion-by-infliLence  tests  in  which  detonating  fuses  were  placed  at  riqht  angles 
to  electric  detonators  but  at  different  distances  from  them  in  sudi  a  way  that  axial  line  of 
detonating  fuse  intersected  side  of  electric  detonator. 


Grade  of  electric  detonator. 

Test  No. 

Trial. 

Distance 
from  cen- 
ter Une  of 
detonatine 
fuse  to  end 

ofdeto. 

nator. 

Separat- 
ing di». 
tance. 

Result. 

No.  4 

M254 
M252 

a 
b 
e 
d 
e 
f 

a 
b 
c 
d 

e 
f 

\ 

i 

/ 

m 

a 
b 
e 
d 

e 
/ 

I 

i 
J 

Mm. 
5 

Mm. 
2 
1 
2 
2 
2 
2 

1 

No  explosion. 
Explosion. 
No  explosion. 
Do. 

Do. 

Do. 

No.  6 

7 

Do. 

Do. 

Do. 

Do. 

Da 

Do. 

Explosion. 
No  explosion. 
Explosion. 
No  explosion. 
Do. 

Do. 

Do. 

No.  8 

10 

Explosion. 
Do. 

No  explosion. 
Do. 

Explosion. 
No  explosion. 
Do 

Do. 

Do. 

Do. 
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The  above  results  axe  so  much  at  variance  with  the  established  ex- 
plosive efficiency  of  detonators  (see  pp.  45  and  46)  that  this  method  of 
determining  the  strength  of  detonators  is  considered  of  little  value. 

The  tests  made  with  the  No.  4  and  the  No.  6  electric  detonators 
placed  in  the  same  axial  line  as  that  of  the  detonating  fuse  would 
indicate  that  in  actual  blasting  there  may  be  some  advantage  gained 
from  inserting  the  electric  detonator  in  the  top  of  the  primer  or 
cartridge.  Although  it  has  been  impossible  to  show  by  tests  any  loss 
in  energy  resulting  from  the  detonation  of  an  explosive  when  the 
electric  detonator  is  placed  in  the  side  of  a  primer — ^tihat  is,  having  the 
end  of  the  electric  detonator  intersect  the  axial  line  of  the  primer, 
it  is  believed  that  the  former  method  of  insertion  is  preferable.  When 
the  top  of  the  primer  is  opened  and  an  electric  detonator  is  pushed 
into  it  and  the  paper  ends  of  the  cartridge  are  gathered  together  and 
bound  with  twine,  the  electric  detonator  is  held  firmly  in  place.  When 
this  method  is  used  there  is  less  danger  of  the  wires  becoming  short- 
circuited,  and  it  is  impossible  for  the  end  of  the  detonator  to  project 
through  the  side  of  the  cartridge,  a  position  that  would  not  only 
tend  to  reduce  its  effectiveness,  but  would  also  be  a  source  of  danger 
in  loading  and  tamping  the  drill  hole. 

TBST8  BY  DBFBESSION  OF  LEAD  PLATES. 

The  strength  of  the  electric  detonators  was  also  detenmned  directly 
by  tests  involving  the  depression  of  lead  plates.  The  details  of  the 
tests  are  indicated  in  the  tabulations  following: 

Remits  o/deprenion  U»U  of  electric  detonatort  placed  on  end  on  i-inch  lead  plates.^ 


Grade  of  etoctrie  detonator. 

Tat  No. 

Volame 
of  water 
beldln 

Diameter 
of  crater. 

Depth  of 
crater. 

Height  or 
cooeon 
bottom. 

No.  3 

11264 
11262 
M167 
MHO 
M151 
M147 

C.e. 
0.36 
.60 
.40 
.40 
.40 
.36 

Mm. 

n 

13 
13 
13 
13 
13 

Mm. 

Mm. 

2 

No.  4 

4 

No.  6 

4 

No.  6 

3 

No.  7 

2 

No.  8 

2 

a8eePl.II. 

fr  The  measurement  of  volume,  which  was  detennined  with  water,  was  uosatisl^Kstory  because  of  the  actfon 
of  surface  tension,  and  the  results  are  accurate  only  within  60  per  cent.  No  result  obtahied  agraes  eren 
approximately  with  the  established  results  of  the  ezploslTe  efficiency  of  electric  detonators  (see  p.  46). 

Reaulta  of  depression  tests  of  electric  detonators  placed  on  side  on  ^-weh  lead  plates.^ 

MBASURBD  WITH  WATBR. 


Grade  of  electric  detonator. 

Test  No. 

Volume.^ 

Length  of 
crater. 

Width  of 
crater. 

Depth  or 
enter. 

No.  8 •. 

M266 
11263 

M168 
e 11160 
c 11162 

M148 

C.e. 
0.30 
.26 
.40 
.60 
.60 
.90 

Mm. 
10 
16 
16 
21 
20 
31 

Mm. 

10 
10 
11 
13 
14 
14 

Jim. 

No.  4 

No.  6 

No.6 

No.  7 

6 

No.  8 

6 

aBeePl.m. 


t  See  fDotnote  of  preceding  table. 


eBottom  of  plats  slightly  raised;  not  raised  in  other  tests. 
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Rendu  of  depression  tests  of  electric  detonators  placed  on  side  on  i^nch  lead  pUUes—^n, 

MEASURED  WITH  BAVtD.^ 


Grade  Of  electric 

Test  No. 

Plate 
No. 

No.— 

Aver- 

of  five 

meaa- 

nre- 

ments. 

Grand 
aver- 
age. 

Vol- 

detonator. 

1 

2 

3 

4 

6 

aiQe.fr 

No.  3 

M302 
11303 
11304 
11301 
M306 
li306 

1 
2 

2 
3 

Oramt. 
0.129 
.191 
.226 
.379 
.327 
.415 
.361 
.382 
.361 
.674 
.580 
.622 
.891 
1.002 
1.114 
1.183 
1.245 
1.269 

Oramt. 
0.122 
.101 
.200 
.406 
.326 
.393 
.359 
.380 
.366 
.566 
.586 
.600 
.867 
.994 
1.076 
1.173 
1.287 
1.262 

Orams. 
0.121 
.104 
.235 
.376 
.333 
.397 
.340 
.393 
.377 
.620 
.607 
.615 
.890 
1.034 
1.061 
L230 
1.262 
1.267 

Oramt. 

0.142 

.172 

.221 

.406 

.302 

.404 

.355 

.379 

.365 

.620 

.569 

.601 

.880 

.994 

1.106 

1.150 

1.272 

1.260 

Oramt. 
0.146 
.197 
.229 
.366 
.312 
.386 
.381 
.390 
.866 
.590 
.596 
.506 
.892 
1.002 
1.144 
1.244 
1.216 
1.320 

Oramt. 
0.132 
.189 
.224 
.386 
.320 
.399 
.359 
.386 
.366 
.594 
.588 
.607 
.884 
1.006 
1.105 
1.196 
1.244 
1.272 

Oramt. 
0.182 
.368 
.370 
.596 
.096 
1.237 

C.c. 

No.  4 

0.128 

No.  6 

.269 

No.  6 

.261 

No.7 

.420 

No.  8 

.703 

.871 

a  The  sand  was  fine  and  dry. 


b  The  volume  was  computed  from  the  grand  average  weight  hy  dividing  it  hy  the  spedflc  gravity  of  the 
sand,  which  was  1.J2.   This  tot  was  acceptable  because  the  volume  of  the  depraasion  varied  approxonately 


aoceptabieb 

as  the  explosive  efOciency  of  the  electric  detonaU 

THB  NAIL  TEST. 

It  was  evident  that  the  methods  previously  used  for  the  direct 
determination  of  the  relative  strength  of  detonators  were  not  satis- 
factory or  accurate.  During  the  latter  part  of  the  investigation  an 
endeavor  was  made  to  devise  a  test  that  would  give  results  approxi- 
mating those  obtained  by  the  indirect  tests. 

In  the  tests  made  with  the  four  No.  6  detonators  having  different 
compositions,  described  later,  each  electric  detonator  caused  the  same 
amount  of  energy  to  be  developed  from  both  sensitive  and  insensitive 
explosives.  However,  by  the  direct  methods  of  testing  detonators, 
one  of  the  No.  6  detonators  showed  a  much  higher  calorific  value 
than  any  of  the  others,  and  one  developed  a  much  greater  enlarge- 
ment of  the  lead  block.  Nevertheless  it  was  concluded  that  al- 
though the  temperature  developed  and  the  volume  of  gases  pro- 
duced are  functions  of  the  efficiency  of  detonators,  the  rate  of  detona- 
tion or  the  rapidity  with  which  the  gases  are  developed  is  the  prime 
factor  and  any  tests  that  emphasized  this  factor  should  be  given  con- 
sideration. 

The  test  finally  decided  upon  is  known  as  the  nail  test.  This  test 
depends  on  the  angle  formed  by  a  nail  when  a  detonator  or  electric 
detonator  is  fired  in  close  proximity  to  it.  For  simphcity  and 
cheapness  the  naU  test  commends  itselJF. 

Four-inch  wire  finishing  nails  (20-d.)  are  used  in  the  test.  For  the 
tests  herein  reported  the  nails  were  selected  so  that  they  were  approx- 
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imately  of  the  same  length,  the  same  gage,  and  the  same  weight.  The 
bottom  of  the  electric  detonator  was  placed  If  inches  from  the  face  of 
the  head  of  the  nail  and  was  laid  parallel  to  the  nail  and  separated  from 
it  by  two  22-gage  (0.026-inch)  copper  wires  that  were  wrapped  around 
the  electric  detonator.  The  electric  detonator  was  fastened  in  posi- 
tion by  one  strand  of  a  similar  copper  wire,  which  was  wrapped  around 
it  and  the  nail  midway  between  the  ends  of  the  electric  detonator. 
The  whole  was  suspended  horizontally  in  the  air  in  such  a  manner 

,,  that  the  nail  was  directly 

'    A'  above  the  electric  detona- 

tor, which  was  then  fired. 
(Fig.  2.)  The  impact  of  the 
exploding  electric  deto- 
nator bent  the  nail  and 
projected  it  upward.  Care 
was  taken  that  the  nail 
was  not  hurled  against  any 
solid  surface  and  further 
distorted. 

Five  trials  were  made 
with  each  grade  of  electric 
detonator.  The  angle 
through  which  the  nail  was 
bent  from  its  normal  posi- 
tion was  measured.  The  angle  (average  of  five  trials)  was  taken  as 
a  measure  of  the  strength  of  the  electric  detonator.  The  results 
were  as  foDows: 

ResiUts  of  nail  tesU  ^  of  six  grades  of  P,  T.  S.  S.  electric  detonators. 


FiQUBE  2.— Nail  in  position  for  test  ofeleetilo  detonator. 


Grade  of  electric  detonator. 

Test  No. 

Angle  of  bending  resulting  from  trial  No.  — 

Aveiace. 

1 

2 

3 

4 

5 

No.  3 

11270 
M280 
M2S1 
M288 
M2S3 
M2S4 

o 

12 
12 
11 
23 
60 
68 

• 

10 

11 

13 

24 

50 

78 

o 

8 
14 
14 
25 
53 
76 

o 

9 
11 
13 
24 
54 
86 

• 

7 
16 

8 
26 
59 
96 

• 
9.2 

No.  4 

12.8 

No.  6 

11.8 

No.6 

24.4 

No.  7 

65.2 

No.8 

81.2 

a  See  PI.  IV,  it. 

The  variation  in  the  results  of  individual  trials  was  largely  due  to 
variation  in  the  individual  electric  detonators.  An  attempt  was 
made  to  get  more  uniform  results  with  annealed  nails,  but  with 
these  there  was  practically  the  same  variation  in  results.  In  such 
tests,  as  well  as  in  all  physical  tests  of  explosives,  discrepancies  result- 
ing from  unavoidable  sources,  of  error  can  not  be  eliminated,  and, 
accordingly,  only  averages  should  be  considered  in  comparing  the 
practical  value  of  the  electric  detonators. 
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TB8TS  FOR  DETEBMININO  INDIRECTLY  THE  STRENGTH 
OF  P.  T.   S.   S.  ELECTRIC  DETONATORS. 

Details  of  different  forms  of  tests  made  to  determine  indirectly  the 
strength  of  P.  T.  S.  S.  electric  detonators  are  given  below. 

BATB-OF-DBTONATION  TBSTS .« 

The  rate  of  detonation  of  the  explosive  was  determined  by  placing 
the  cartridges  end  to  end  in  a  28-gage  (B.  &  S.)  galvanized-iron  tube  42 
inches  long,  which  was  of  slightly  larger  diameter  than  the  cartridges. 
The  paper  ends  of  each  cartridge  were  cut  off  squarely  in  order  that 
the  explosive  material  of  the  cartridges  would  be  continuous  through- 
out the  file,  which  was  a  little  more  than  1  meter  long.  Four  copper 
wires  were  inserted  through  perforations  in  the  tube  and  the  cartridge 
file  so  that  the  distance  between  adjacent  wires  made  it  possible  to 
determine  the  rate  of  detonation  through  the  first  quarter  meter, 
the  second  quarter  meter,  the  last  half  meter,  and  the  entire  meter, 
and  the  data  were  so  recorded. 

Each  wire  carried  an  electric  ciurent  and  was  attached  to  a  Mette- 
gang  recorder  in  such  a  way  that  at  the  instant  the  wire  was  broken 
a  spark  was  recorded  on  a  rapidly  moving  soot-covered  drum.  From 
the  sparks  thus  recorded  and  the  speed  of  the  drum,  the  time  interval 
between  the  breaking  of  the  wires  in  the  meter  file  was  computed 
and  was  expressed  as  rate  of  detonation  in  meters  per  second. 

The  rate-of-detonation  tests  were  carried  on  with  different  explo- 
sives as  described  below. 

TESTS   WITH  AN   EXPLOSIVE  OF  GLASS   1,   SUBCLASS   a. 

In  one  series  of  tests  sample  1  of  an  explosive  of  class  1,  subclass  a — 
an  ammonium-nitrate  explosive  containing  a  sensitizer  that  is  itself 
an  explosive — was  used.     The  cartridges  were  seven-eighths  of  an 
inch  in  diameter.    The  results  were  as  follows: 
RenUtB  of  ToU^f-^eUmaticn  testt  with  sample  1  of  an  ezpUmve  of  class  1,  stibdass  a. 


Gndeof 

elMtrle 

detonator. 


Test  No. 


Rate  of  detonation  in  tube. 


First  quarter. 


Indhricl- 
ual  rate. 


Average 

rate. 


Second  quarter. 


Individ- 
ual rate. 


Avenge 

rate. 


Second  hall. 


Individ-    Average 
ual  rate.       rate. 


Full  length. 


Individ- 
ual rate. 


Average 
rate. 


No.  3. 


No.  4 
No.  5. 


' 


No.  6 


No.  7. 
No.  8. 


U242 
M342 
M348 

M348 
M248 

I>g63 
Dft)0 

DW6 

jmi 

0904 
DM5 

DM8 
DM9 


MtUrtver  Melenfer  MeUnvtr  Mtler99$r  MtUrsver  M€Ur$ver  Meter$per  Metersper 
$econa.      tecona.      Mcona.      $econa.      tteona.      second,      second,      second. 
Detonation  oompleto;  16  inches  of  explosive  used. 
3  inches  blown  on;  16  inches  of  explosive  used. 
Detonation  complete;  16  inches  of  explosive  used. 


Detonation  complete;  16  inches  of  explosive  used. 
Detonation  completo;  16  inches  of  explosive  used. 


2,921  I 

2  Inches  blown  off. 


I      1, 056  I  20  inches  detonated. 


Grand  average. 


2,446 
2,472 

2,777 
2,922 

2,184 
2,250 


}     ^'^^ 
}     2,860  { 

}     2,217  { 


2,608 


2,678 
2,586 

2,586 
2,656 

2,250 
2,320 


} 


2,632  { 
2,571 


}     2,285 


2,4M 


{ 


2,205 
2,205 

2,381 
2,368 

2,472 
2,380 


2,205 
}     2,374 
2,426 


2,335 


2,868 
2,356 

2,521 
2,535 

2,337 
^331 


}       2,362 


/      2,521  \ 
\     2,535  / 


2,528 
2,334 


2,408 


«  For  more  detailed  description  of  this  test,  see  Bull.  15.  Bureau  of  Mines:  Investigations  of  explosives 
oBid  in  coal  mines;  with  a  chapter  on  the  natural  gas  used  at  PlttsbursAi,  by  O.  A.  Biirrell,and  an  intro- 
duction by  C.  £.  Monroe,  by  Clarence  Hall,  W.  0.  Snelling,  and  8.  P.liowe]],  1912,  pp.  92^. 
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No  detonation  occurred  in  those  tests  in  which  2  or  3  inches  of  the 
cartridge  was  blown  off.  In  those  tests  in  which  16  inches  of  the 
explosive  was  used  no  attempt  was  made  to  determine  the  rate  of 
detonation. 

The  grand  average  indicates  that  the  rate  fell  off  in  the  last  half 
meter.  Individual  tests  with  a  given  detonator  showed  remarkable 
uniformity  for  each  electric  detonator  of  Nos.  6,  7,  and  8,  and  with 
No.  6  the  maximum  rate  was  obtained  in  the  second  quarter,  with 
No.  7  in  the  first  quarter,  and  with  No.  8  in  the  second  half.  The 
average  rates  for  the  full  length  of  the  tube  did  not  vary  greatly. 

The  percentage  of  complete  detonations  with  each  detonator  was 
as  follows: 

Percentage  of  complete  detonations  in  rate-o/-deUmation  tests  unth  sample  lofan  explosive 

of  class  ly  subclass  a. 


Nomberof 
tests. 

NomlMror 
tests  in  which 

dotonatkni 
oocofred. 

Complete 

tiODS. 

No.  3 

3 
2 
2 
2 
2 
2 

1 
0 
1 
0 
0 
0 

Percemt. 
67 

No.  4 

100 

No.  5 

50 

No.  6 .* 

100 

No.  7 

100 

No.  8 

100 

These  tests  show  that  an  explosive  of  class  1,  subclass  a,  that  is 
insensitive,  tends  more  readily  to  become  completely  detonated  with 
the  higher  grades  of  electric  detonators,  but  that  if  the  explosive 
detonates  at  all  its  rate  is  independent  of  the  grade  of  electric 
detonator  used. 

The  results  of  tests  with  sample  2  of  an  exfdosive  of  class  1,  subclass 
a,  foUow.    The  cartridges  used  were  1}  inches  in  diameter. 


Results  of  rate^f-deUmaiion  tests  with  sample  2  of  an  explosive  of  class  ly  subclass  a. 


Ondeof 

electric 

detonator. 


Test  No. 


Rate  of  detonation  in  tube. 


First  quarter. 


Individ- 
ual rate. 


Average 
rate. 


Second  quarter. 


Individ- 
ualrate. 


Average 
rate. 


Second  halt 


Individ- 
ual rate. 


Average 
nte. 


Full  length. 


Individ- 
ualrate. 


Avenge 
rate. 


No.  3. 


No.  7. 


Meten 


ID1154 
D11S5 
D1156 
D1157 
D1168 

{D1149 
D1150 
D1161 
D1U2 


ietenv€r 

MOOfM. 

3,090 
2,078 


MeUrt 


2,884 
2,960 

3,886 
2,978 
2,640 
8,886 


•  2,977 


3,324 


MeUnper 

MOOM. 

8,^ 
6,046 
5,706 
7,267 
6,488 

4,198 
6,286 
6,174 
8,184 


Meter 9 


ittenper 
ueom. 


6,629 


}  ^'««| 


MeUnper 
aeeona, 
4,784 
2,978 
3,708 
3,486 
3,616 

3,080 
2,988 
3,780 
3,618 


MOera 


UUnver 

MRMM. 


Meterr 


3,664 


8,340 


UterBper 
second. 
3,864 
3,386 


8,780 
8,678 
3,477 
^898 
«18 


II 


Meten  per 
•  3,668 

3,606 


•  Test  No.  D1166  not  included  in  average. 
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The  averages  for  each  detonator  show  a  positive  acceleration  in  the 
second  quarter  meter  and  a  negative  acceleration  in  the  second  half 
meter.  The  rates  for  the  meter  length  is  within  the  experimental 
error,  and  they  were,  therefore,  practically  uniform. 

The  results  of  tests  with  sample  3  of  an  explosive  of  class  1,  sub- 
class a,  follow.     The  cartridges  used  were  1}  inches  in  diameter. 

Results  of  raU-of -detonation  tests  with  sample  So/ an  explosive  of  class  1,  subclass  a. 


Test  No. 

Rate  of  detonation  in  tabe. 

Gndeof 
electric 

First  qoarter. 

Second  qoarter. 

Second  half. 

Foil  length. 

detonator. 

Individ- 
ual rate. 

ATflTige 
rate. 

IndiTid- 
ualrate. 

Avenige 
rate. 

IndiTid- 
oalrate. 

Arenge 
rate. 

Individ- 
ual rate. 

Avenge 

rate. 

(    D1161 
D1162 
D1168 

f  Dim 

D1128 
D1120 
D1130 

Mettrtper 

eecofiu. 

a3,143 

4,167 

4,450 

8,477 
8,007 
3,000 
4,231 

Metersper 
aecofitf. 

Meters  per 
second. 

^rr 

secvtMt 

secons. 

Melersper 
second. 

^tsr 

No.8 

No.7 

}     4,808 
3,461 

(     8,671 
\     8;  134 

r     4,046 
4,363 
4,641 

I      3,720 

}     3,858 
4, 170 

i     2,080 
i     3,807 

f     3,460 
8,208 
8,306 
8850 

)     8,188 
8,327 

i     8,488 
\     3;632 

8,580 
3,371 
3,477 
8,636 

}       3,510 
3,618 

a  Detonation  incomplete;  test  not  averaged. 

The  average  rate  for  the  meter  length  was  practically  uniform. 
The  percentage  of  complete  detonations  for  each  electric  detona- 
tor was  as  follows: 

Percentage  of  complete  detonations  in  rate-of-detonation  tests  with  sample  Sofan  explosive 

of  class  If  suhdass  a. 


Number  of 
tests. 

Number  of 
tests  in 

complete 
detonation 
occurred. 

Complete 
detona- 
tions. 

No.  8 

3 

4 

2 
4 

Percent. 
67 

No.7 

100 

TESTS   Wrm   AN   EXPLOSIVE  OF  GLASS   1,  SUBCLASS   h 

The  results  of  tests  vdth  sample  1  of  an  explosive  of  class  1,  subclass 
b — an  ammonium-nitrate  explosive  containing  a  sensitizer  that  is 
not  in  itself  an  explosive — follow.  The  diameter  of  the  cartridges 
used  was  If  inches. 

Results  of  rate-of -detonation  tests  with  sample  1  of  an  explosive  of  class  1,  subclass  6. 


Grade  of  electric  detonator. 

Test  No. 

Remarks. 

No.  3 

1 
{ 
{ 

1C237 
M287 
D870 

D871 
D86e 
D871 

Dseo 

D871 

D860 
D871 

No  detonation. 

No.  4 

Do. 

No.  6 

Do. 

No.  6 

Do. 
Do. 

No.7 

Do. 

Do. 
Da 

Do. 

No.8 

Do. 

3ogle 
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These  tests  failed  to  make  a  discrimination  between  the  different 
grades  of  electric  detonators,  and  hence  for  the  purposes  of  this 
investigation  were  useless. 

The  results  of  tests  with  sample  2  of  an  explosive  of  class  1,  sub- 
class hy  follow.    The  cartridges  used  were  1}  inches  in  diameter. 

Results  of  raU-of-deUmation  tests  with  sample  tofan  explosive  of  class  i,  suhcUus  h. 


Test  No. 

Rate  of  detonation  in  tube. 

Grade  of 
electric 
detona- 

First quarter. 

Second  quarter. 

Second  half. 

FuUlengUfc. 

tor. 

Individ- 
ual rate. 

Average 
rate. 

Individ- 
ual rate. 

Average 
rate. 

Individ- 
ualrate. 

Average 
rate. 

Individ- 
ual rate. 

Average 
rata. 

No.3 

No.  4 

No.5 

No.6 

No.7 

No,  8 

M233 
11241 

11241 
M240 
11240 

1C281 
11241 

M241 
M240 
M840 

M240 
M241 
M241 
D023 
D926 

1C240 

D030 

D081 

D932 

DUIO 

f      1C241 
11241 
D028 
D929 
D956 

r      11241 
D925 
DW7 
D964 
D066 

Metenper 
eecond. 
6inche8o 
4incheeo 
4incheeo 
Sincheeo 
8inche0a 

6inche8o 
4  inches  0 
4  inches  0 
4  inches  0 
4inche8o 

4inchfl8o 
4hicheso 
4incheso 
4inche8o 
41nch«o 

Detonatl( 

Sinchflso 

3,000 

8  inches  0 

6incheso 

Detonatk 

DetonaU( 

3,368 

3462 

3,333 

Dotonati< 
2,647 
8^160 
3,286 
3»6 

Metertper 
weofM. 

fcartridge 

fcartridge 
oartridS 
oartrid^ 

fcartridge 

fcartridge 
fcartridge 
f  cartridge 
fcartridge 
fcartridge 

fcartridge 
fcartridge 
fcartridge 

Bnoomplel 
fcartridge 
3,000 
feartAdge 
fcartridge 

n  oomplet 
an  oomplei 

J     ,.3« 

m  oomplet 

3,072 

>lownofl. 
blown  off. 
blown  ofl. 
E>lownofl. 
Edownofl. 

blown  ofl. 
ftlown  ofl. 
blown  ofl. 
blown  ofl. 
blown  ofl. 

blown  ofl. 

blown  off. 
blown  off. 
blown  off. 

»:16tnchf 
blown  ofl. 

blown  off. 
blown  ofl. 

e;16hinhf 
«;  16  inchi 
8,462 
3,814 
8;  401 

e;  16  inch! 

l:?8 

sofezploi 
3,750 

lofezplM 
■  ofejqdoi 

3.680 

BOfexploi 

3,290 

Iveused. 
3,333 

Iveused. 
Iveused. 

3,062 
1     3,464 

Iveused. 

(     4,288 
8,147 
3368 

1      3;884 

3,333 

3,430 
3,544 

•CC9IW. 

3,333 

8,475 

3,333 

I      3,437 

3,463 
^285 
8347 
3285 

3,333 

a,415 
3^19 

Grand  &««««§.  1 

3,180 

3,460 

3,475 

8,357 

It  is  probable  that  no  detonation  occurred  in  those  tests  in  whidi 
3  to  8  inches  of  the  cartridge  was  blown  off.  In  the  trial  listed  under 
test  M  241  only  16  inches  of  explosive  was  used  and  no  attempt  was 
made  to  determine  the  rate  of  detonation. 

The  grand  average  shows  the  tendency  of  the  rate  of  detonation  to 
increase  beyond  the  first  quarter. 

It  is  interesting  to  observe  that  the  rate  of  detonation  for  that  10 
centimeters  of  a  l|-inch  cartridge  just  beyond  the  electric  detonator, 
as  determined  with  the  cordeau  detonant,  was  as  follows:  For  a  No.  7 
electric  detonator,  3,387  meters  per  second;  for  a  No.  8  electric 
detonator,  3,387  meters  per  second. 
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The  percentage  of  complete  detonations  for  each  detonator  was  as 
follows: 

Peroenliage  ofoompUU  deUmationa  in  rate^f-detonation  tests  with  sample  go/ an  explosive 

of  class  1,  subclass  6. 


Grade  of  electric  detonator. 

Number  of 
tests. 

Number  of 
tests  in 
which  in- 
complete 

detonation 
occurred. 

Complete 

deton»- 

tlons. 

No.8 

0 

Percent. 
0 

No.4 

0 

No,5 

0 

No,6 

40 

No.7 

100 

No.8 

100 

These  tests  show  that  an  explosive  of  class  1,  subclass  h,  that  is 
insensitive;  tends  more  readily  to  become  completely  detonated  with 
the  higher  grades  of  electric  detonators,  but  that  if  the  explosive 
detonates  at  all  its  rate  is  independent  of  the  grade  of  electric  deto- 
nator used. 

TESTS  WITH  A  20  PER  CENT    "STRAIGHT"    NITROGLYCERIN  DYNAMITB. 

The  results  of  tests  with  a  20  per  cent  "straight"  nitroglycerin 
dynamite  follow.  The  cartridges  were  seven-eighths  of  an  inch  in 
diameter. 

Results  of  rate-cf-deUmation  tests  ivilh  a  20  per  cent  ** straight**  nitroglycerin  dynamite. 


Test  No. 

Rate  of  detonation  in  tube. 

OiBdeof 
electrifi 
detona- 

First quarter. 

Second  quarter. 

Second  half. 

Full  length. 

tor. 

Individ- 
ual rate. 

Average 
rate. 

Individ- 
ualrate. 

Average 
rate. 

Individ- 
ual rate. 

Average 
rate. 

Individ- 
ual rate. 

Average 
rate. 

No.3 

No,4 

No.5 

No.6 

No.7 

No.8 

/    D1096 
\    D1097 

/    D1096 
\    D1009 

/      DO02 
\      DW3 

r    DIOOO 
{     DlOOl 
I    D1003 

(    D1003 
\    Di004 

1     D1005 
\    D1006 

I  average. 

Meters  per 
second. 
2,528 
2,781 

2,418 
2,781 

3,225 
2,747 

3,729 

a  3, 034 

3,947 

3,836 
3,125 

3,358 
3,261 

Meters  per 
second. 

}     2,664 

}     2.600 
I      2,986 

3,838 

}      3,480 
}      3,310 

Meters  Toer 

second. 
/     3,648 
\     2,967 

1      3,423 
\      2,967 

/      2,781 
\      2,928 

(      2,683 
3,034 
I      2,443 
/      2,500 
\      2,686 

r     3,679 
\     2,778 

Meters  per 
second. 

}     8,308 

}     3,195 

}      2,854 

2,563 

}     2,543 
}      2,728 

Meters  per 

second, 
i     2,853 
\     3;  156 

/     2,834 
\      2,871 

r     2,908 
\     2,987 

f     2.767 

8,121 

I     3,309 

f      2,947 
\      3, 192 

/      2,980 
\     3,041 

Meters  per 
second. 

}     3,004 
}     2,862 
}     2,948 

3,038 

[     3,070 
}     8,010 

Meters  per 

second, 

1      2,918 

\     8.:  007 

/      2,834 
I     2,871 

/      2,947 
\     2,908 

2,933 

3,077 

1     3; 158 

/     2.986 

\     3,000 

1      2,960 
\     3,020 

Meters  per 
second, 

}       2,962 

}       2,862 

}       2,928 

8,046 

}       2,998 
}       8,000 

Granc 

3,146 

2,865 

2,987 

2,904 

a  Average  rate  for  the  first  half  meter;  rate  not  inclu4od  in  avera^, 
78875**— BuU,  6^X3 8 
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In  the  tests  where  electric  detonators  Nos.  3,  4,  and  5  were  used  a 
considerably  lower  rate  of  detonation  occurred  in  the  first  quarter  than 
in  the  tests  where  electric  detonators  Nos.  6,  7,  and  8  were  used. 

Detonation  was  complete  with  every  grade  of  electric  detonator. 

The  figures  in  the  grand  average  indicate  that  the  rate  was  influ- 
enced by  a  negative  acceleration  in  the  second  quarter  meter,  followed 
by  a  positive  acceleration  in  the  second  half  meter,  though  the  con- 
trary was  true  for  electric  detonators  of  grades  Nos.  3  and  4.  All 
tests  except  test  D993  conformed  to  this. 

The  uniformity  of  the  rates  for  the  last  half  meter  and  for  the 
meter  for  every  grade  are  noteworthy;  this  uniformity  held  for  indi- 
vidual tests  as  well  as  for  averages. 

TESTS  WITH  A  40  PER  CENT  STRENGTH  AMMONIA  DYNAMITE  CONTAINING 
NrrROSUBSTTrUTION-  COMPOUNDS. 

The  results  of  tests  with  a  40  per  cent  strength  ammonia  dynamite 
containing  nitrosubstitution  compounds  follow.  The  cartridges  used 
were  seven-eighths  of  an  inch  in  diameter  and  had  been  repacked. 

Results  of  rate-of-deUmation  tests  with  a  40  par  cent  strength  ammonia  dynamite  amiain' 
ing  nitrosubstUuticn  compounds. 


Grade  of 

etoctrio 

detonator. 


Test  No. 


Rate  of  detonation  in  tube. 


First  quarter. 


Individ- 
ual rate 


Average 
rate. 


Second  quarter. 


Individ- 
ual rate. 


Average 
rate. 


Second  half. 


Individ- 
ual rate. 


Average 
rate. 


FuU  length. 


Individ- 
ualrate. 


Average 
rate. 


No.  5. 


No.  6. 


No.  7. 


No.  8. 


aD878 
D882 
D903 
D921 

•  D876 
D904 

aD0O5 
D910 
D920 

•  D873 
D906 

•  DflOT 
D918 
D950 

•  D872 
D881 
D910 

Don 

aD916 
D9I6 
D917 


Meters  per  MeUn  per 
second,      secona. 


Meters 


teterspe 
second. 


Meters  per  Meters] 


2,136 
2,679 
2,679 

3.666 
2,368 
e2,285 
2,472 
2,250 

2,631 
2,394 
c2,367 
2,616 
2,619 

2,716 
2,668 
1,642 
2,123 


2,679 
2,647 


2,498 


2,363 


2,643 


2,310 


3,929 
2,686 
2,628 


2,296 


3,041 
2,446 


2,273 


2,961 
2,894 


3,667 
3,209 
2,816 


Heterspt 
second. 

[     3,014 


2,709 


3,146 


iettrsper  Meters  per 
second,      second. 


3,041 
3,000 


2,046 
2,284 
2,628 

»2,485 
2,672 
2,813 
2,663 
2,543 

»2,668 
2,830 
2,987 
2,528 
2,600 

»2,453 
2,280 
3,345 
2,711 


I     2,286 


2,603 


2,619 


2,756 


2,744 
2,696 


Meters  per 
second, 
2,811 
2,860 
2,446 
2,439 

2,660 
2,446 
2,521 
2,695 
2,430 

2,668 
2,567 
2,611 
2,647 
2,619 

2,514 
2,597 
2,561 
2,557 
2,106 
2,795 
2,752 


Meters  per 
second. 

2,412 
2,527 

2,608 
2,653 


a  Rate  of  detonation  not  averaged. 
h  Rate  for  last  three-fourths  of  a  meter, 
c  Rate  for  fliet  one-half  of  a  meter. 
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No  tests  were  made  wiih  electric  detonators  Nos.  3  and  4.  The 
average  rate  for  the  meter  length  increased  slightly  with  the  grade 
of  electric  detonator  used.  The  fastest  rate  is  recorded  for  the  second 
quarter  meter.  The  figures  for  the  average  rates  and  for  most 
of  the  individual  tests  indicate  that  the  rate  increased  up  to  a  maxi- 
mum, and  then  decreased.  With  some  electric  detonators  the  maxi- 
mum was  reached  in  the  first  quarter  meter,  as  in  test  D903;  with 
others  in  the  second  quarter  meter,  as  in  test  D919;  and  with  others 
in  the  second  half  meter,  as  in  test  D910. 

If  it  be  assumed  that  the  recorded  rate  was  slightly  erratic,  but 
had  a  general  tendency  to  increase  to  a  maximum,  and  then  to  decrease 
toward  an  asymptotic  normal  rate,  then  the  results  of  all  the  tests 
conformed  to  this  assumption. 

TESTS  WITH  A  40   PER  GENT   STRENGTH   AMMONIA  DYNAMITE. 

The  results  of  tests  with  a  40  per  cent  strength  ammonia  dynamite 
follow.     The  cartridges  used  were  l{  inches  in  diameter. 

Resulti  o/rate-of-4eUmation  tests  ivith  a  40  per  cent  strength  ammonia  dynamite. 


Test  No. 

Rate  of  detonation  in  tube. 

Grade  of 
electric 

rirat  quarter. 

Second  quarter. 

second  half. 

Full  length. 

Individ- 
ual rate. 

Average 
rate. 

Individ- 
ual rate. 

Average 
rate. 

Individ- 
ualrate. 

Average 
rate. 

Individ- 
ual rate. 

Average 
rate. 

No.3 

No.  8 

DHSQ 
Dn40 
D1141 

Duaa 

D1137 
D1138 

Metersper 

4,018 
4327 
3,616 

3,437 
3,2S0 
8,760 

Metersper 
3,954 

3,479 

Becvna, 

i     4>412 

4602 

1      4,6W 

f     4.314 
5,291 
5,000 

Metersper 
1     4,632 

.      4.868 

Metersper 
second. 

\     4,545 
4,054 
4.128 

r      4,889 
4417 
3,082 

Metersper 
second. 

4,242 
4,429 

Metersper 

second. 

4,369 

4,245 

4,054 

4,293 

4,213 

1      4  128 

Metersper 
4,223 

4,211 

Only  the  No.  3  and  the  No.  8  electric  detonators  were  used.  The 
average  rate  for  the  meter  length  is  practically  the  same  for  the 
two  detonators.  The  rate  increased  to  a  maximum  in  the  second 
half  meter  and  then  decreased  as  shown  by  averages;  the  results  of 
individual  tests  confirm  this  conclusion.  The  rate  in  the  last  half 
meter  corresponded  closely  with  the  average  rate  for  the  meter  length. 

TESTS    WITH    A  35  FEB  GENT    STBENOTH    GELATIN  DYNAMITE    2   TEABS 

OLD. 

The  results  of  tests  with  a  35  per  cent  strength  gelatin  dynamite 
(2  years  old)  follow.  The  cartridges  used  were  H  inches  in 
diameter. 
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Remits  of  raU-of-deUmaiion  testa  with  aS6  per  cent  strength  geUUin  dynamite  (f  pears  old). 


Grade  of  electric  detonator. 

Test  No. 

Length  of 

fltoo^own 

oflordeto- 

natMl. 

tnobflsthat 
detonated. 

Ayetage 
percent- 
age  that 
deto- 
nated. 

Remarke. 

No.3 

M231 
M234 
D887 
D8S8 
D942 
D943 

D889 
D89e 
D058 

D890 
D805 
D967 
D891 
D893 
D940 
D941 

0.6 
7.6 
7.0 
7.0 
13.0 
13.0 

7.0 
18.0 
17.0 

12.0 
12.0 
12.0 

18.0 
12.0 
16.0 
14.0 

Percent, 
16 
18 
0 
0 
31 
31 

0 
43 
40 

39 
29 
29 
43 
29 
36 
33 

Percent. 
16.0 
18.5 

Parttfil  dftvnation. 

No.  4 

Dou 

No.5 

Nodetonatton. 

Da 

No.6 

15.6 

Do. 
No  detonation. 

No.  7 

28.0 

Do. 
Do. 

Do. 

No.  8 

29.0 

Do. 
Do. 

Do. 

Do. 

35 

Do. 

a  FuU  length  of  file,  42  inches. 

The  evidence  of  no  detonation  in  tests  DS87,  D888,  and  D889 
was  that  nothing  but  the  noise  of  the  detonator  was  audible  when  the 
trials  were  made. 

In  tests  M231  and  M234  an  8-inch  cartridge  was  used. 

In  no  trial  was  more  than  18  laches  of  the  42  inches  detonated. 
The  part  that  detonated,  io.  general,  varied  directly  with  the  grade  of 
the  detonator. 

The  number  of  partial  detonations  with  each  detonator  was  as 
follows: 

Number  of  partial  detonations  in  rate^f-detoruttion  tests  with  aSSper  cent  strength  gelatm 

dynamite  {t  years  old). 


Grade  of  electric  detonator. 

Number  of 
teets. 

Number  of 

teets  in 
which  partial 

oocQrred4 

Pereantage 

ofparttel 

deuma. 

tions. 

No.3 

1 
2 
2 
2 
3 
4 

PercemL 
100 

No.  4 

100 

No.  6 

SO 

No.  6 

67 

No.  7 

100 

No.  8 

100 

Except  with  the  No.  3  and  the  No.  4  electric  detonators,  the  number 
of  tests  with  which  was  small,  the  percentage  of  partial  detonations 
increased  with  the  grade  of  the  electric  detonator. 
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TESTS  WITH  A   40  FEB  OBNT  8TBSNOTH  GELATIN  DYNAMITE,  FBOZEN. 

The  results  of  tests  with  a  40  per  cent  strength  gelatin  dynamite 
(frozen)  follow.    The  diameter  of  the  cartridges  used  was  H  inches. 

ReitiUt  of  raU-of-detonation  UtU  wiQi  a  40  per  cent  etrength  gelaHn  dynamiU  {frozen). 


TastNo. 

BataofdetonAUcm. 

FInt 
quartflr. 

Second 
quartflr. 

Second 
half. 

TotaL 

No.S« 

D1067 
D1088 
DIOOO 
D1003 
D1004 
D1005 

MOenver 

4€B0llw. 

3  inches  blc 
4,018 
6  250 
4,167 
4,687 
4,018 

JMmMr 

wnofl. 

6,420 
7,268 
7,760 
6,420 
7,600 

JieUnjaer 

5,800 
6,760 
6,522 
6,760 
6,522 

iA^iVMr 

No.  4 

5,376 

No.  5 

6,'207 
5.021 

No.  6 

No.  7 

66M 

Na8 

5,806 

Onnd  ATtfAgft. 

4,628 

7,075 

6,004 

5,780 

a  No  detooAtton  occurred  with  the  No.  3  electric  detonator. 

The  grand  averages  show  that  the  maximum  rate  occurred  in  the 
second  quarter,  with  a  subsequent  falling  off  in  the  rate;  moreover, 
each  individual  test  showed  similar  results,  irrespective  of  the  grade 
of  the  electric  detonator  used. 

The  variation  of  14.4  per  cent  in  the  average  rate  is  rather  high, 
and  is  seemingly  due  to  the  fact  that  results  with  frozen  explosives 
are  always  erratic. 

Complete  detonation  occurred  in  each  test  with  each  of  the  six 
electric  detonators  except  the  No.  3,  which  faQed  to  detonate. 

TESTS    WITH    A    35    PEB    CENT   STBENOTH   GELATIN    DYNAMITE 

3  TEARS   OLD. 

The  results  of  tests  with  a  35  per  cent  strength  gelatin  dynamite 
(three  years  old)  follow.  The  cartridges  used  were  IJ  inches  in 
diameter. 

Reeulii  o/rate^f-detanatUm  teeU  with  S5  per  cent  strength  gelatin  dynamite  {S  years  old). 


OfAde  of  electric  detonator. 

Test  No. 

Remarks. 

No.3 

M2S8 

11238 
D8e8 
D866 
D866 

No  detonation. 

No.  4 

Do. 

No.5      

Do. 

No.  7 

Do. 

Noii::::::::!!!!!:!!!!!::!!:: :!!:!!::!!!!!:!!. :ii;.!i. !!..!. ..!!;!:!:::: 

Do. 

The  explosive  was  so  old  and  insensitive  to  detonation  that  for 
the  purpose  of  discrimiaating  between  grades  of  electric  detonators 
it  was  useless,  because  in  no  test  did  detonation  occur.  No  tests 
were  made  with  the  No.  6  electric  detonator. 
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SMALL  LEAD  BLOCK  TBSTS.a 

The  lead  blocks  used  in  the  small  lead  block  tests  were  squirted  with 
a  diameter  of  1^  inches  and  were  cut  to  a  length  of  2^  inches.  An 
annealed  steel  disk  1}  inches  in  diameter  and  one-quarter  inch  high 
was  placed  above  each  block  and  above  this  was  placed  the  100-gram 
charge  of  the  explosive,  held  in  position  by  a  paper  sleeve  wrapped 
around  the  block  and  the  disk  and  extending  above  them.  The 
electric  detonator  used  was  centrally  placed  in  the  top  of  the  charge. 
When  the  explosion  was  fired,  the  block  rested  on  a  firm  horizontal 
steel  base.  The  compression  of  the  block  was  determined  by  measur- 
ing the  difference  in  the  height  of  the  block  before  and  after  firing. 

TESTS    WITH  A  20  PEE  CENT  "STRAIGHT"   NrTBOOLTOERIN    DYNAIOTE 
WITH  6  PER  CENT  OP  ADDED  WATER. 

The  results  of  tests  of  a  20  per  cent  "straight"  nitroglycerin  dyna- 
mite follow.    The  explosive  contained  6  per  cent  of  added  water: 

Results  of  small  lead  block  tests  tnth  a  20  per  cent  **  straight**  nitroglycerin  dynamUe  con- 
taining 6  per  cent  of  added  water. 


Orede  of  electric  detonator. 

Test  No. 

Com- 
pression. 

AverasB 

oom- 
pnsslon. 

No.  3 

B756 
B764 
B773 

B756 
B766 
B774 

B757 
B7e6 
B776 

B761 
B770 
B779 

B782 
B771 
B7W 

B763 
B772 
B781 

Mm. 

14.00 
14.25 
14.00 

15.00 
14.50 
14.50 

14.25 
14.00 
14.00 

15.00 
15.00 
16.00 

15.25 
14.75 
1&.75 

16.50 
15.75 
15.25 

Mm. 

No.  4 

14.08 

No.5 

14.«7 

No.  6 

14.08 

No.  7 

I5w00 

No.  8 , 

U.25 

1&50 

The  No.  8  electric  detonator  produced  a  compression  9.6  per  cent 
greater  than  that  of  the  No.  3  electric  detonator;  in  general  with  the 
explosive  tested,  the  compression  increased  with  the  grade  of  the 
detonator.  The  No.  4  electric  detonator,  however,  developed  more 
energy  than  did  the  No.  5. 

•  For  a  more  extended  description  of  the  small  lead  block  test,  see  Bull.  16,  Bnrean  of  Mines:  Investi- 
gations of  explosives  used  in  coal  mines;  with  a  chapter  on  the  natural  gas  used  at  Plttslmrg^,  by  Q.  ▲. 
Burrell,  and  an  introduction  by  C.  E.  Monroe,  by  Clarence  Hall,  W.  O.  BnelUng,Und  B.  P.  Howell,  1912, 
pp.  113-114. 
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TESTS  WITH  A  20  PEB  CENT  "STRAIGHT"   NITBOGLYOEBIN  DYNAMITE, 
FBOZEN  AND  CONTAINING  LESS  THAN  6  PEB  CENT  OF  ADDED  WATEB. 

The  results  of  tests  with  a  20  per  cent  "straight''  nitroglycerin 
dynamite  (frozen  and  containing  no  added  water  or  2.5  or  4  per  cent 
of  added  water)  are  tabulated  below: 

Rendu  ofamall  lead  block  teste  of  a  SO  per  cent  "etraight"  nUroglycenn  dynamite  (frozen 
and  eontaining  leee  than  6  per  cent  of  added  vnUer). 


Grade  ofdectiio  detonator. 


No.  3 
No.  4 
No.  5 
No.  6 
No.  7 
No.  8 


Test  No. 


Temper- 
ature of 

frOfflQ 

explosive. 


B616 
B623 
B«47 

B617 
B623 
BM8 

B618 
B624 
B«49 

B619 
B625 
B653 

B620 
B635 
B<»4 

B621 
B627 
B056 


•C. 
+3.0 
-1.0 
-9.0 

+2.0 
-1.0 
-9.0 

+2.0 
-1.0 
-9.0 

+2.0 
-1.0 
-9.0 

+2.0 
-1.0 
-9.0 

+2.0 
-1.0 
-9.0 


PeroeDt- 
ageof 
added 
water. 


0 
2.5 
4.0 

0 
2.5 
4.0 

0 
2.6 
4.0 

0 
2.5 
4.0 

0 
2.5 
4.0 

0 
2.5 
4.0 


Com- 
pression. 


Mm. 
14.25 
13.25 
12.50 

14.50 
13.26 
12.50 

13.50 
13.00 
12.50 

13.50 
13.25 
18.00 

15.00 
13.50 
18.00 

15.25 
13.25 
13.25 


Average 
com- 


Jfm. 
13. 8S 


18.43 


13.00 


18.36 


18.88 


13.03 


The  tests  showed  the  tendency  of  the  electric  detonators  to  increase 
slightly  in  explosive  efficiency  with  the  grade,  but  again  the  No.  3 
and  the  No.  4  electric  detonators  showed  an  increase  over  the  No.  5 
and  even  over  the  No.  6. 

TESTS  Wrrn  a    20    PEB  cent  "STBAIGHT"  NrrBOGLYCEBIN  DYNAlflTE, 
FBOZEN   AND  CONTAINING    6    PEB   CENT  OF  ADDED  WATEB. 

As  no  failures  had  occurred  with  any  of  the  electric  detonators, 
when  tested  with  the  20  per  cent  ''straight"  nitroglycerin  dynamite, 
a  sample  of  that  explosive  with  6  per  cent  of  added  water  was  frozen 
(temperature  9^  C.)  and  was  tested,  with  results  as  follows: 

Results  of  small  lead  block  tests  with  a  20  per  cent  *^straiaht**  nitroglycerin  dynamite  (frozen 
and  containing  6  per  cent  of  added  water). 


Grade  of  electric  detonator. 

Test  No. 

Compree- 
Bkm. 

Ayence 

oommee- 

■km. 

No.  8 

B728 
B787 
B746 

B729 
B738 
B747 

Mm, 
a0.00 
a.  00 
•.00 

•.00 
•.00 
•.00 

Mm. 

No.  4 

aoo 

.00 

•Incomplete  detonation. 
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Remits  of  tTnall  lead  block  tests  with  a  20  percent  ^^  straight**  nitroglycerin  dynamiU 
{frozen  and  containing  6  per  cent  of  added  tcater)— Continued. 


Grade  of  electric  detonator. 

Test  No. 

Oompree- 
sion. 

ATeisfe 

oomprea- 

slon. 

No.  5 

B730 
B730 
B748 

B734 
B743 
B7fi2 

B735 
B744 
B753 

B736 
B745 
B754 

Mm. 

•0.00 
•.00 
•.00 

•.00 
•.00 
•.00 

12.75 
13.75 
•.50 

12.75 
13.75 
•  1.00 

IAh. 

No.  6 

0.00 

No.  7 

.00 
9.00 

No.  8 

».l7 

•  Incomplete  detonation. 

The  number  of  complete  detonations  with  each  detonator  was  as 
follows: 

Number  of  complete  detonations  with  a  tO  per  cent  **straiaht**  nitroglycerin  dynamite 
(frozen  and  containing  6  per  cent  of  added  water). 


Grade  of  electric  detonator. 

Number  of 
tests. 

Nmnber 
of  tests  in 

which 
oompleto 
detonation 
occurred. 

IMroentaee 
of  oompleto 
detona- 
tions. 

No.  3 

0 
C 
0 
0 
2 
2 

0 

No.  4 

0 

No.  5 

0 

No.  6 

0 

No.  7 

67 

No.  8 

67 

The  explosive  was  very  insensitive  and  complete  detonation 
occured  only  with  the  No.  7  and  No.  8  electric  detonators  and  with 
them  in  only  two  out  of  three  trials  with  each. 

TESTS    WITH    A    40    PER    CENT    STRENGTH  AMMONIA    DYNAMITE  WITH 
6  PER   CENT  OP  ADDED  WATER. 

The  results  of  tests  with  a  40  per  cent  strength  ammonia  dynamite 
with  6  per  cent  of  added  water  are  tabulated  below: 

Results  of  small  lead  block  tests  with  a  40  per  cent  strength  ammonia  dynamite  contahUng 

6  per  cent  of  added  water. 


Grade  of  electric  detonator. 

TertNo. 

qomp^s. 

ATCiac* 

oomprai^ 

■ion. 

No.8 

B656 
B665 
B674 
8683 
BOOS 

Digitized  by 

Mm. 
7.26 
8.M 
«.fiO 
8.25 
7.75 

Goog 

Mm, 

&2S 
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KesulU  of  9mdll  lead  block  teits  wUh  a  40  per  cent  strength  ammonia  dynamite  containing 
6  per  cent  of  added  water — Continued. 


Grade  of  electric  detonator. 

Test  No. 

Compres- 
sion. 

Ayerace 
compres- 
sion. 

No.  4 

B657 
B666 
B675 
B684 
B603 

^     B«58 
B667 
B«76 

B602 
BOTl 
B680 
B680 
BOOB 

B068 
B«72 
B681 

Baoo 

B609 

B664 
Be73 
B682 
Bttl 
B700 

Mm. 
7.25 
8.75 
8.50 
8.00 
8.50 

6.00 
7.25 
8.75 
8.00 
8.50 

9.75 
8.75 
9.25 
7.75 
9.26 

8.00 
8.76 
10.00 
10.25 

8.75 

8.75 
9.50 
10.76 
9.76 
9.75 

Mm, 

No.  5 

8.30 

No.  6 

7.70 

No.  7 

8.96 

No.  8 

9.16 

9.70 

This  explosive  showed  a  marked  tendency  to  be  erratic  both  with 
the  higher  and  with  the  lower  grades  of  electric  detonators. 

The  explosive  efficiency  of  the  electric  detonators  increased  with 
the  grade  of  the  electric  detonator,  except  that  the  efficiency  of  the 
No.  5  electric  detonator  was  considerably  low  and  that  of  the  No.  3 
a  trifle  high. 

TESTS  WITH  A  40  PER  CENT   STRENGTH   GELATIN    DYNAMITE,    FROZEN. 

Following  are  the  results  (PI.  V,  -4)  of  tests  with  a  40  per  cent 
strength  gelatin  dynamite  that  was  in  a  frozen  condition: 
Resulte  of  email  lead  block  teete  toith  a  40  per  cent  strength  gelatin  dynamite  (frozen). 


Grade  of  electric  detonator. 

Test  No. 

Tempera^ 
tureof 
frosen 

explosive. 

Compres- 
akm. 

compres- 
sion. 

No.8 

B633 
B638 
.     B701 
B710 
B719 

B029 
B639 
B702 
B711 
B720 

B630 
B640 
B703 
B712 
B721 

•c. 

-2.5 
-5.0 
+0.5 
+2.5 
+2.5 

-4.5 
-5.0 
+0.5 
+2.5 
+2.6 

-4.6 
-6.0 
+0.6 
+2.6 
+2.6 

Mm. 
a3.00 
10.75 
13.00 
13.60 
13.75 

al.60 
16.50 
10.75 
11.00 
13.25 

al.00 
17.26 
13.76 
10.76 
10.76 

Mm. 

No.  4 

14.25 

Na.5 

12.82 

13.13 

•Incomplete  detonation. 
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ResvJU  of  small  lead  block  tests  toith  a  40  per  cent  strength  gelatin  dynamite  (frozen) — God. 


Grade  of  electric  detonator. 

Test  No. 

Tempera- 
ture of 
fjTomi 

explosive. 

Oompres- 

SlOEL. 

Averaee 

ooinpite' 

eion. 

No.O 

B631 
B644 
B707 
B716 
B726 

Ba32 
B646 
B706 
B717 
B726 

B6S7 
B646 
B700 
B718 
B727 

•a 

-4.6 
-6.0 
+0.6 
+2.6 
+2.6 

-4.5 
-6.0 
+0.6 
+2.6 
+2.6 

-2.6 
-6.0 
+0.6 
+2.6 
+2.6 

Mm. 

12.60 
10.25 
14.26 
14.25 
14.60 

14.60 
».25 
18.00 
10.25 
16.00 

15.76 
18.00 
10.75 

a25 

18.^ 

Mm. 

No.7 

14.9S 

No.8 

17.00 

17.80 

The  results  were  very  erratic.  The  strength  of  the  detonators 
increased  with  the  grade  of  the  electric  detonator  used,  as  shown  by 
the  average  compression,  except  that  the  compression  with  the  No.  3 
electric  detonator  was  comparatively  high. 

The  number  of  complete  detonations  with  each  detonator  was  as 
follows: 

Number  of  complete  detonations  in  small  lead  block  tests  with  a  40  per  cent  strength  gelatin 

dynamite  {frozen). 


Grade  of  electric  detonator. 

Number  of 
tests. 

Number  of 
tests  in  which 
oomplete 
detonation 
ooouiied. 

Peroeotace 

of  oomplete 

detona> 

tions. 

No.3       

Percent. 
80 

No.4 

80 

No.6 

80 

No.6 

100 

No.7 

100 

No.8 

100 

The  results  tabulated  above  indicate  that  the  tendency  to  complete 
detonation  increases  with  the  grade  of  the  electric  detonator  used. 

EZPLOSION-BY-INFLT7ENOB  TBSTS.a 

Explosion-by-influence  tests  were  conducted  by  placing  two  car- 
tridges of  an  explosive  at  a  definite  distance  apart;  each  cartridge 
was  in  a  vertical  position,  one  being  directly  above  the  other.  The 
electric  detonator  was  placed  in  the  lower  end  of  the  lower  cartridge, 
so  that  the  lower  cartridge  on  detonation  either  did  or  did  not  cause 

a  For  a  more  extended  description  of  the  test,  see  Boll.  16,  Boreaa  of  Mines:  Investigations  of  explo- 
sives used  in  coal  mhies;  with  a  chapter  on  the  natnnl  gas  used  at  Pittsburgh,  by  Q.  A.  Bunell,  and  an 
Introduotion  by  C.  E.  Munroe,  by  Clarence  Hall,  W.  O.  Snelling,  and  S.  P.  Howell,  1013,  p.  100. 
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BULLETIN    59      PLATE  V 


A.     RESULTS  OF  SMALL  LEAD  BLOCK  TESTS  OF  P.  T.  S.  S.  ELECTRIC  DETONATORS  NOS.  3.  4.  5. 
6.  7.  AND  8.  «,  BLOCK  BEFORE  TEST. 


B.     RESULTS  OF  SMALL  LEAD  BLOCK  TESTS  OF  NO.  6  ELECTRIC  DETONATORS,  a,  BLOCK 
BEFORE  TEST;  b,   WESTERN  COAST;  c,  SPECIAL;  d,   P.  T.  S.  S.;  c,   FOREIGN. 


fW  >;""/!( 


WESTERN  COAST. 


SPECIAL. 


P.  T.  S.  S.  FOREIGN. 

a     SCORING  OF  LEAD  PLATES  BY  FOUR  NO.  6  ELECTRIC  DETONATORS  LAID  ON  SIDE. 
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detonation  of  the  upper  cartridge.  The  separating  distance,  estab- 
lished by  successive  trials,  was  but  1  inch  greater  than  that  at  which  the 
upper  cartridge  would  detonate.  With  one  explosive,  however,  certain 
trials  were  run  with  the  cartridges  separated  by  a  given  distance,  and 
the  number  of  times  that  the  upper  cartridge  did  or  did  not  detonate 
was  recorded. 

TESTS   WITH  AN   EXPLOSF^E  OF  CLASS  1,   SUBCLASS  a. 

The  results  of  tests  with  an  explosive  of  class  1,  subclass  a  (an 
ammonium-nitrate  explosive  containing  a  sensitizer  that  is  itself  an 
explosive),  are  tabulated  below.  The  average  weight  of  the  car- 
tridges was  166  grams  and  they  measured  U  by  8  inches. 

Results  of  explotion-hy^Jluence  tests  with  an  explosive  of  doss  1,  subclass  a. 


Giade  of  eleotrio  detonator. 

TertNo. 

Dlstsnoe 
separating 
cartridges. 

Result  on  upper 
cartridge. 

Distance 

established 

at— 

No.  3 

7874 
J87S 
J876 
J877 
J878 

J8T0 
J871 
J872 
J873 

7764 
7786 
1766 

7741 
7742 
7743 
7744 
774S 
7746 

7747 
7748 
7749 

7780 
7751 
7752 

MMCe       WMM      W»»Ni*»»M4i.       M*-*b»      *-^ta»      4i.4i.CeMM 

Did  not  explode... 
Exploded.:: 

ImAet. 

No.  4 

do 

Did  not  explode... 
do 

Exploded 

bid  not  explode.'.! 
do 

do 

No.  6          

1    ■• 

No.6             

Exploded 

Did  not  explode... 

do 

do 

do 

Exploded 

No.  7 

do 

Did  not  explode... 

do 

8 

No.  8. 

Exploded 

Didnot  explode... 

do 

Exploded 

Did  not  explode... 

8 

These  tests  did  not  discriminate  as  to  the  relative  efficiency  of  the 
different  grades  of  electric  detonators;  the  efficiency  of  the  low-grade 
electric  detonators  was  at  least  as  great  as  that  of  the  high-grade 
electric  detonators. 

TESTS  WTTH  AK  EXPLOSIiriB    OF  GLASS  4. 

Following  are  the  results  of  tests  with  an  explosive  of  class  4  (an 
explosive  in  which  the  characteristic  material  is  nitroglycerin). 
Except  for  the  trials  under  test  J896;  the  average  weight  of  each 
cartridge  was  161  grams  and  the  size  of  each  was  1}  by  8  inches.  In 
the  trials  under  test  J896  the  lower  cartridge  weighed  161  grams  and 
the  upper  one  weighed  110  grams,  being  only  5  inches  long.    In  all 
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of  the  tests  in  which  the  distance  separating  cartridges  was  5  inches, 
the  bottoms  of  the  cartridges  (as  packed)  faced  each  other,  whereas 
in  all  of  the  tests  in  which  the  separating  distance  was  4  inches,  the 
tops  of  the  cartridges  faced  each  other. 

Results  of  explosionrhy-infiuence  tuts  with  an  explosive  ofcUus  4. 


Grade  of  electric  detonator. 

Test  No. 

Distance 
separating 
cartridges. 

"•^!Ur 

No.3.             

J805 
J896 
J806 
J805 
J890 
J896 
J806 

J806 
J895 
J806 
J806 
J896 
J806 
J»6 

J806 
J806 
J806 
J806 
J»6 
J806 
J806 

J806 
J806 
IMS 
J896 
J896 
J890 
J806 

J806 
J805 
J805 
J806 
J896 
J806 
J806 

im 

J805 
J806 
J896 
J896 
J896 
J890 

/Mkef. 

Did  not  explode. 

Do. 
Exploded. 
Didnot  explode. 

Do. 

Do. 

Do. 

Do. 

No.  4 

No.5 

Do. 

Do. 
Exploded. 

Do. 

Do. 
Did  not  explode. 

Do. 

No.  6 

Do. 

Do. 
Exploded. 
Didnot  explode. 

Do. 

Do. 

Do. 

No.  7 

Do. 

Do. 
Exploded. 

Do. 

Do. 
Did  not  e*,tJocle. 

Do. 

No.  8 

Do. 

Do. 
Exploded. 

Do. 

Do. 
DidnotexpkKla. 

Do. 

Do. 
Do. 
Do. 
Do. 
Exploded. 
Do. 

The  following  tabulation  shows  the  number  of  explosions  of  the 
upper  cartridge: 

Percentage  of  explosions  of  the  upper  cartridge  in  explosionrby-injlu^nee  tests  ioiih  an 

explosive  of  class  4. 


Grade  of  electric  detonator. 

Number  of 

testa. 

Number  of 

esEploslons  of 

tne  second 

oartxidge. 

Pemntage 

of  explo. 

Mona. 

No.3 : 

14 

No.  4 

4g 

No.  6 

14 

No.  6 

43 

No.  7 

43 

No.  8 

9 
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TESTS  WTTH  A  40  FEB  GENT  STBENGTH  ABfMONIA  DYNAMITE  OONTAININa 
NirBOSUBSTITUTION    CX>MPOUNDS. 

Following  are  tabulated  the  results  of  tests  with  a  40  per  cent 
strength  ammonia  dynamite  containing  nitrosubstitution  com- 
pounds. The  cartridges  used  were  1}  by  8  inches,  their  average 
weight  being  226  grams. 

Results  of  explosion-hy-ir^uence  tests  toith  a  40  per  cent  strength  ammonia  dynamite  conr 
taining  nitrosubstilution  oompounas. 


Grade  of  electric  detonator. 

Test  No. 

Distance 
separating 
cartridges. 

Result  on  upper 
cartridge. 

Distance 

establisbad 

at— 

No.5 

J70S 
J709 
J710 

J689 
JOQO 
J091 
J692 
J693 
Je94 
J605 
J696 
Ja97 
J69S 
J699 

J720 
J721 
J722 

J704 
J705 
J706 
J707 

Inehea. 
8 
9 
9 

14 
12 
9 

7 
6 
4 
5 
0 
7 
8 
8 

9 
8 
9 

8 
9 
10 
10 

Exploded 

Did  not  explode... 
do 

do 

Ifichet. 

No.« 

9 

...do 

do 

do 

do 

Exploded 

8 

do 

....do 

do 

Did  not  explode... 
do 

No.7 

do 

No.8 

Exploded 

Did  not  explode... 

Exploded 

9 

do 

Did  not  explode... 

*• 

10 

No  tests  made  with  detonators  Nos.  3  and  4. 


TESTS  WITH  A  35  PEB   GENT    STBENQTH    GELATIN   DYNAMITE   2    TEABS 

OLD. 

Following  are  the  results  of  tests  with  a  35  per  cent  strength 
gelatin  dynamite  (two  years  old).  The  average  weight  of  each 
cartridge  was  265  grams  and  the  size  of  each  1 }  by  8  inches. 

Results  of  exphmon-by^vnfiuence  tests  with  a  S5  per  cent  strength  gelatin  dynamite 

{2  years  old). 


Test  No. 

Distance 
separating 
cartridges. 

Result  on  upper 
cartridge. 

No.  6 ...      . 

J724 
J725 
J726 
J727 
J728 
J729 

J790 
J731 

J732 
J733 

Iwhii. 
6 
6 

4 
2 
0 
0 

0 
0 

0 
0 

Did  not  explode. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do 

No.7 

No.8.    .                      .     . 

Do. 
Do 

^i7Pd  ^vT^ooqI 
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No  tests  were  made  with  the  No.  3,  the  No.  4,  or  the  No.  5  electric 
detonators. 

The  tests  failed  to  discriminate  between  the  difiTerent  grades  of 
electric  detonators,  except  to  the  limited  extent  that  in  two  trials 
the  lower  cartridge  failed  to  detonate  completely  once  with  the  No. 
6.  In  no  trial  did  the  detonation  of  the  lower  cartridge  cause  the 
detonation  of  the  upper  cartridge. 

FEBCENTAaES  OF  DETONATIONS  IN  INBIBECT  TESTS  OF  F.  T.  S.  8. 
ELEOTBIO  DETONATORS. 

The  percentages  of  detonations  in  the  indirect  tests  of  the  P.  T.  S.  S. 
electric  detonators  are  given  below.  The  percentages  of  detonations 
in  the  tests  of  each  electric  detonator  are  aJso  averaged,  each  average 
percentage  having  a  value  proportional  to  the  number  of  tests  from 
which  computed;  that  is,  each  percentage  b  multiplied  by  the  num- 
ber of  tests  it  represents,  and  the  sum  of  the  products  b  divided  by 
the  total  number  of  tests  of  the  electric  detonator  considered. 

PercentageM  of  detonations  in  indirect  teste  of  P.  T,  8.  S,  electric  detonalors. 


dan  of  explosive. 


Qrade  of  electric  detonator. 


No.  3. 


hi 


No.  4. 


1^1 


No.  6. 


No.  6. 


^a 


o 

I. 


No.  7. 


No.  8. 


^1 


ClasB  1,  sabdasB  5 

Cla8Bl,sabdadiia 

40  per  cent  strength  gela- 
tm  dyoamlte  (frosen). 

86  per  cent  strength  gela- 
tin dvnamito  (two 
years  old). 

30  per  cent  "straight" 
nitroglycerin  dyna- 
mite (containing  6  per 
cent  of  added  water 
andfh»en). 

40  per  cent  strength  gela- 
Un  dynamite(ihMen). 

Total  number  of  tests 
Average  percentage 
of  detonations. 


Rateofdeto- 


do. 

do. 


.do... 


Small   lead 
block. 


•do...... 


Per 

cent. 

0 

67 
0 

100 


80 


Per 

eenL 

0 

100 
100 

100 


80 


Per 
cent. 


60 
100 


50 


80 


Per 

cent. 

40 

100 
100 

67 


100 


Per 

cent. 

100 

100 
100 

100 


67 


100 


Per 

cenL 

100 

100 
100 

100 


67 


100 


38.0 


18 


60.0 


18 


40.0 


ao 


63.2 


10 


94.7 


19 


95.0 


COMPARATIVE  BZPLOSIVE  EFFICIENCY. 

The  percentages  of  explosive  efficiency  of  the  different  types  of 
P.  T.  S.  S.  electric  detonators  were  obtained  by  averaging  all  tests 
in  which  the  rate  of  detonation  or  compression  was  determined  for  all 
the  electric  detonators.  The  percentages  of  the  individual  electric 
detonators  were  also  averaged,  each  average  percentage  having  a 
value  proportional  to  the  number  of  tests  from  which  computed; 
that  iS;  each  percentage  is  multipUed  by  the  number  of  tests  it 
represents,  and  the  sum  of  the  products  is  divided  by  the  total 
number  of  tests  of  the  electric  detonator  considered.  In  each  case 
the  percentage  of  explosive  efficiency  of  the  No.  6  electric  detonator 
is  assigned  a  value  of  100  and  is  used  as  the  unit  of  comparison. 
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IKDIBBCT  TESTS  OF  P.  T.  S.  S.  ELEGTBIC  DETONATORS. 
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46       INTBBTIOATIONS  OF  DETONATORS  AND  ELBCTBIC  DET0NAT0B8. 

OOMPABATIVE  BZPLOSIVB  BFFIOIENCY  OF  P.  T.  S.  S.  ELBCfTBIC 

DETONATORS. 

The  tabulation  below  shows  the  comparative  explosive  eflSciency 
(fig.  3)  of  the  six  grades  of  P.  T.  S.  S.  electric  detonators: 


itcoTme 

DCTONATOH 


NaS 
Ha4 
No.6 
Na6 
NaT 
Na8 


raOBAMUTY  or  DrrONATION 
HR  CENT 


EXPLMIVE  EFFKIEMCY 


Figure  3.— Compaiatiye  explosive  efficiency  of  six  grades  of  P.  T.  6.  S. 
electric  detonators  as  detennined  hy  indirect  tests. 

Comparative  explo9iv€  efficiency  oftiz  grades  of  P.  T.  S.  S.  electric  deUmatore, 


Grade  of  electric  detonator. 

Probabfl- 

ityof 
detonation. 

Explosive 

eflSclBDcy 

for  those 

tests  In 

which 

detonfttion 

occurred. 

No.3 

PereaU, 
S8.0 
60.0 
40.0 
63.2 
04.7 
06.0 

PereenL 
02.1 

No.  4 

80.6 

No.5 

80.4 

No.6 

100.0 

No.7 

100.0 

No.  8 

104.5 

TESTS    OF    FOUR    NO.    6    ELECTRIC     DETONATORS     OF 
DIFFERENT  MAKES. 

In  the  tests  of  P.  T.  S.  S.  electric  detonators  as  described  above  the 
composition  of  the  fuhninating  charge  was  practically  the  same  in 
each  electric  detonator,  although  there  was  variation  in  the  weight 
of  the  charge.  In  the  tests,  the  results  of  which  are  tabulated  below, 
four  No.  6  electric  detonators  manufactured  by  different  makers 
were  used.  The  weight  of  charge  of  each  of  the  No.  6  electric  deto- 
nators tested  was  approximately  1  gram,  but  each  electric  detonator 
had  a  different  composition.  The  electric  detonators  were  repre- 
sentative of  all  electric  detonators  used  in  the  United  States,  and 
the  tests  made  are  of  especial  importance  for  the  reason  that  they 
established  for  each  electric  detonator  the  charge  equivalent  to  the 
Pittsburgh  testing  station  standard  electric  detonators. 
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A  physical  examination  was  made  of  each  of  the  four  electric  deto- 
nators (fig.  4),  the  results  being  given  in  the  following  tabulation. 
Each  item  represents  an  average  of  measurement  of  five  electric 
detonators. 


Foreign 


Special 


0J_ 


.2    .3    A    .5 


Wettern 
Coast 

SCALE  IN  INCHES. 

1 


Standkrd 


1.5 


LEGEND 
]  Sulphur. 

lAsphaltic  compotitioa 
^^*^^!a  Loose  mercury  fulminate. 
mm  Picric  acid  and  chloratt  of  potash 
FiovKK  4.~Cros8-sectioiial  view  of  four  No.  6  electric  detonators  of  different  makes. 

ReiulU  of  physical  examination  of  four  No.  6  electric  deUmatora  of  different  makes. 


Uliiiil'iJtJiiJSulphurplug. 

I  Loose  gun  cotton. 

I  Compressed  mercury 
fulminate  composition. 


Kind  of  electric  detonator. 


'I 
I 

o 


^i 


I 


I* 


V. 


m 
III 

•So  8 


V^estem  Coast. 

Special 

I^T.8.8 

Foreign 


In, 
1.56 
1.76 
1.66 
1.66 


In. 
0.27  A 
.234 
.274 
.274 


In. 

0.260 

220 


In. 

0.007 
.007 
.007 
.007 


In. 

0.62 
.66 
.28 
.44 


In. 
0.23 
.39 
.27 
.21 


In. 

0.26 
.25 
.25 
.26 


In. 

o.hb 


In. 

0.45 


.25 


In. 

0.16 
.16 
.12 
.16 


/n. 

0.19 
.16 
.94 
.19 


WBiaHT  AND  COMPOSITION  OF  CHABOES. 

Following  is  a  tabulation  presenting  the  weight  of  the  charges  and 
their  chemical  composition  as  determined  by  analysis: 

78876"'— BuU,  69—13 4  ^  . 
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The  results  of  calorimeter  tests  of  the  four  kinds  of  No.  6  electric 
detonator  are  tabulated  below. 

ResulU  ofcahrimeter  tests  of  four  No.  €  electric  detonators. 


Average  heat 
evolveapereleo- 

trio  detonator 

had   each  con- 

Nomberof 

Average 

Total 
charge  per 
electric  de- 
tonator. 

tained  the  same 

Kind  of  etoctrio  detonator. 

electric  de- 
tonatora 

Number  of 
tests  aver- 

hear 
evolved 

welghtofacharge 
consisting  of  7f  7 

used  in 

aged. 

per  electric 

per  cent  of  mer^ 

each  test. 

detonator. 

cnrv  ftilminate 
and  22.3  per  osnt 
of  chlorate  of  pot- 

ash (exact  oom- 
bu8tlon).o 

eoZor^. 

Grama. 

Large  caioria. 

WeBtem  Coast 

15 
15 
15 

2 
2 
2 

5a95 
.76 
.92 

a8682 
.0283 
.9995 

a61 

Rmdal. 

.66 

pTt.s.s 

.71 

Fomign., , . . , 

15 

3 

cl.12 

1.1748 

.83 

>  Berthelot,  K..  Explosives  and  their  power.  1892,  p.  470. 

ft  This  unusually  high  value  is  partly  due  to  the  nlg^  heat  of  total  oomboation  of  nitroceUulose  (about 
three  times  that  of  mercury  fulmmats). 

«  This  unusually  high  value  is  partly  due  to  the  hlg^  heat  of  total  combustion  of  picric  add  (about  four 
times  that  of  mercury  fulminate). 

SQUntTED  LEAD  BLOOK  TBSTS. 

The  results  of  the  squirted  lead  block  tests  are  given' herewith. 
Results  of  squirted  lead  block  tests^  of  four  No.  6  electric  detonators. 


Kind  of  electric  detonator. 


Test  No. 


Volume  of  bore  hole. 


Before  test   After  test. 


Increase  of 
volume. 


Average 

Increase 

of  volume. 


Weight  of 

total 

charge. 


Western  Coast. 

Special 

P.T.8.8 

Foreign 


AA14 

AA15 


AA9 
AA41 


AAIO 
AAll 


AA12 
AA26 


C.e. 


C.c. 
27.7 
28.7 

2a6 
19.3 

2ao 

19.8 

28.9 
28.6 


C.e. 
26.0 
27.0 

19.2 
18.8 

18.3 
18.1 

27.2 
26.9 


C.c. 
26.5 


19.0 


18.2 


27.0 


Grams. 
a86l 


1.1748 


•  For  a  description  of  the  procedure  in  these  tests,  see  p.  20. 
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50       IKVE6TIGATI0NS  OF  DETOKATOBS  AND  ELECTRIC  DETOKATOBS. 
CAST  LEAD  BLOCK  TESTS. 

Following  are  tabulated  the  results  (PL  VI)  of  cast  lead  block  tests 
of  the  foui*  kinds  of  No.  6  electric  detonators : 


RenUU  of  oast  lead  block  tuts  of  four  No,  6  electric  detonatore. 


Kind  of  eleotrio  detonator. 


Test  No. 


Volume  of  bore  hole. 


Beforetest   After  test. 


Increase  of 
vcriume. 


Average 

increase 

<rf  volume. 


Weli^htor 

total 

charse. 


Western  Coast 

Special 

P.T.S.B 

Foreign 


AA  6 


C.e. 


AA33 
AA58 


AA30 
AA56 


AA5 
AAM 


C.e. 
22.7 
23.2 

16.1 
16.2 

16.0 
16.2 

W.7 
20.0 


C.e. 

2ao 

21.5 

14.7 
13.8 

14.3 
13.6 

18.0 
18.3 


C.e. 


21.2 
14.2 
14.0 
18.2 


Gfromt. 
a8662 


.9283 


1.1748 


TESTS  WITH  LEAD  PLATES. 

Two  series  of  tests  of  the  four  No.  6  electric  detonators  were  made 
by  the  use  of  ^inch  lead  plates.  In  one  series  the  electric  detonators 
were  placed  on  end  on  the  plates  and  were  detonated,  the  resultant 
depression  of  the  plates  being  recorded.  In  the  other  series  each 
electric  detonator  was  placed  on  its  side  on  the  lead  plate  before  deto- 
nation. 

DETONATOES  ON   END. 

The  results  of  the  lead-plate  tests  in  which  the  detonators  were 
placed  on  end  (PI.  VII)  are  tabulated  below: 

Reiulti  of  lead-plate  teets  of  four  No.  6  electric  detonators,  detonators  being  placed  on  end. 


Kind  of  electric  detonator. 

Test  No. 

Volume  of 
water  con- 
tained in 
depression. 

Diameter  of 
crater. 

Depth  of 
crater. 

Height  of 
cone  on 
bottom. 

Western  CooBt 

H155 
M159 
K149 
H163 

C.e. 
ai5 

.26 
.40 
.45 

Mm. 
11 
11 
13 
13 

Mm. 
5 
6 

7 
7 

Mm. 
SUght. 

Special 

^T.S.8 

FOf^gn  .  .  .  r r        r 

3 

8 

Results  of  lead-plate  tests  of  four  grades  of  electric  detonatorSy  detonators  being  placed  on 

side. 


Kind  of  electric  detonator. 


Test  No. 


Volume  of 

water  oon- 

tataiedin 

depression. 


Diameter 
of  crater. 


Depth  of 
crater. 


Hetghtof 
cone  on 
bottom. 


Western  Coast. 

Special 

IVT.B.8 

Foreign 


K156 

1C160 

B1C150 

1C164 


a45 
.60 
.60 

.50 


•  Bottom  of  plate  sUghtlj  raised;  not  raised  in  otber  tests. 
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DETONATORS  ON  SmE. 

Following  are  tabulated  the  results  when  the  detonators  were  placed 
on  their  side  (PI.  V,  C)  on  the  lead  plates  before  detonation: 

A  second  series  of  tests  with  the  }-inch  lead  plates,  the  electric 
detonators  being  fired  on  their  side,  was  made,  and  the  resultant  de- 
pressions of  the  plates  were  measured  with  sand.  The  results  are 
tabulated  below: 

Depression  of  J-tncA  lead  plates  when  electric  deUmatorg  were  fired  on  their  side,  depression 

Tneasured  with  sand. 


KIndofelfictric 
detonator. 

Teat  No. 

Plate 
No. 

Aver- 
age. 

Oiand 
aver- 
age. 

Vol. 

1 

2 

3 

4 

5 

ume.a 

Western  Coast 

Special 

P.T.B.S 

Foreign 

Md07 
1C307 
1C301 

icao7 

3 

Oranu. 

a535 

.691 

.476 

.507 
.551 
.540 

.674 
.580 
.622 

.635 
.602 
.680 

Oranu. 

a665 

.601 

.470 

.657 
.563 
.536 

.566 

.686 
.600 

.668 
.584 
.660 

Gfnifiw. 

0.644 

.602 

.489 

.568 
.666 
.668 

.620 
.607 
.615 

.678 
.594 
.640 

Oramt. 

a  661 

.660 

.472 

.640 
.673 
.642 

.620 
.509 
.601 

.684 
.687 
.511 

Oranu. 

a553 

.602 

.486 

.687 
.690 
.651 

.590 
.596 
.598 

.573 
.610 
.520 

Oranu. 

a550 

.691 

.478 

.651 
.660 
.647 

.694 
.688 
.607 

.648 
.696 
.542 

Oranu. 
Ia640 

.666 

.596 

.595 

C.c. 
0.ZSO 

.392 

.420 

.419 

a  The  vohime  was  compoted  fiN>m  the  grand  average  by  dividing  this  by  the  speclflc  gravity  of  the 
hi  this  case  1.42. 


The  results  of  the  tests  are  fairly  satisfactory,  as  they  practically 
agree  with  the  explosive  efficiency  established  for  electric  detonators 
by  the  indirect  methods. 


NAIL  TESTS. 


The  nail  tests  previously  described  were  also  used  in  connection 
with  the  investigation  of  the  four  grades  of  No.  6  electric  detonators. 
The  results  (PI.  IV,  B)  are  tabulated  below: 

Results  of  nail  tests  of  four  No.  6  electric  detoTiatorg. 


Test  No. 

Angle  of  bending  resulthig 
from  trial  No.— 

Average. 

11  hiiinm})!. 

1 

2 

3 

4 

5 

Western  Coast 

M286 
M287 
H288 
11300 

• 

22 
16 
23 
17 

• 

24 
35 
24 
31 

• 

20 
17 
25 
18 

• 

28 
16 
24 
19 

• 

27 
23 
26 
18 

• 
24.2 
21.4 
24.4 
2a6 

• 
20 

SpeeU 

10 

PrT.8.B 

23 
17 
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52       IKVESTIQATIONS  OF  DBTONATOBS  AKD  ELECTRIC  DETONATOBS. 

BATE-OF-DBTONATION  TESTS. 

Rate-of-detonation  tests  similar  to  those  with  the  different  grades 
of  P.  T.  S.  S.  electric  detonators  were  conducted  with  the  four  No.  6 
electric  detonators.  The  results,  according  to  the  explosive  used,  are 
presented  below. 

TESTS  Wrm  AN  EXPLOSIVE   OF  CLASS  1,  SUBCLASS  a. 

Following  are  the  residts  of  tests  with  an  explosive  of  class  1,  sub- 
class a  (an  ammonium-nitrate  Explosive  containing  a  sensitizer  that 
is  itself  a  sensitizer).  The  diameter  of  the  cartridges  used  was  seven- 
eighths  of  an  inch. 

Results  of  raU-of-detonation  tests  with  an  explosive  of  class  1,  subclass  a. 


Kind  of  electric  detonator. 


Test 
No. 


Bate  of  detonation  In  tube. 


Flnt  quarter. 


Indi- 
vidual 
rate. 


Aver- 
age 
rate. 


Second  quarter. 


Indi- 
vidual 
rate. 


Aver- 
rale. 


Second  lialf. 


Indi- 
vidual 
rate. 


Aver- 


FuU  length. 


Indi- 
vidual 
rate. 


Aver- 
nie. 


Western  Coast. 

Special 

P.T.8.S 


Foreign 

Orand  average.. 


Meten 
per 


D970 
D971 

IW« 
D97S 
D979 

D90e 
D967 

D974 
DOTS 


2,343 
2,296 

1,801 
2,410 
2,383 

2,445 
2,473 

2,778 
2,143 


Meten 

teeond, 
I  2,310 

2,284 

}  2,458 
}  2,460 


Meten 
per 


Meten 
per 


Meten 
per 


2,296 
2,260 

2,296 
.  2,803 
12,206 

2,678 
2,686 

1,814 
2,893 


I  2,272 

2,296 

}  2,682 
}  2,104 


{ 

f  2,761  1 


2,585 
2,556 

3,761 
2,460 
2,410 

2,206 
2,206 


Meten 

eeeeeti, 
}  2,570 


Meten 

per 


{ 


866 


2,646 

}  2,206 
}  2,830 


12,445 
1  2,406 

2,868 
2,432 
2,356 

i  2,368 
\  2,366 

/  2,480 
1  2,628 


JMcre 

eeeomd. 

}    2,436 

3,385 

I    3,363 
}    3,4»4 


3,398 


3,336 


3,538 


2,417 


The  average  rate  for  the  meter  length  was  practically  imiform,  but 
such  difference  as  was  shown  indicated  that  the  ascending  order  of 
explosive  efficiency  of  the  detonators  is  as  follows:  P.  T.  S.  S.,  spe- 
cial, Western  Coast,  foreign. 

The  percentage  of  complete  detonations  with  each  detonator  was 
as  follows: 

Percentage  of  complete  detonations  with  an  explosive  of  doss  1,  subclass  a. 


Kind  of  electric  detonator. 

Number  of 
tests. 

Number  of 

tests  In 

which  In- 

complete 

ooourred. 

Pwoeata0a 
ofoom- 
pMade- 

Western  Coast 

2 

5 
3 
3 

0 
0 
0 

1 

Psremr. 
100 

fll««Hl  . . , 

100 

i^T.B.iB....:::::;;:::::;::::::;::::::;::::;::::::::::;::;:::::: 

Foralgn-^.--, . 

100 

67 
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TESTS  WITH  AN  EXPLOSIVB  OF  CLASS  1,  SUBCLASS  6. 

Two  rate-of-detonation  tests  were  made  of  each  of  the  four  kmds 
of  No.  6  electric  detonators  on  an  explosive  of  class  1,  subclass  b  (an 
ammonium-nitrate  explosive  containing  a  sensitizer  that  is  not  itself 
an  explosive)  being  used.  The  cartridges  used  were  IJ  inches  in 
diameter.  In  no  test  did  detonation  occur,  so  that  the  tests  failed 
to  discriminate  between  the  different  kinds  of  electric  detonators. 


TESTS  WITH  A  20  PEK  CENT  "STRAIGHT"   NITEOGLYCERIN    DYNAMITE. 

The  results  of  tests  with  a  20  per  cent  ''straight"  nitroglycerin 
dynamite  are  presented  below.  The  diameter  of  the  cartridges  was 
seven-eighths  of  an  inch. 

Results  of  raU-of-deUmation  tests  wUh  a  tO  per  cent  ** straight"  nitroglycerin  dynamite. 


Kind  of  electric  detonator. 


Test 
No. 


Rate  of  detonation  in  tube. 


First  quarter. 


Indi- 
vidual 
rate. 


Aver- 
me. 


Second  quarter. 


Indi- 
vidual 
rate. 


Aver- 
rate. 


Second  half. 


Indi- 
vidual 
rate. 


Aver- 
raxe. 


Full  length. 


Indi- 
vidual 
rate. 


Aver- 
me. 


Western  Coast 

Special 

P.T.S.S 


Foreign 

Grand  average.. 


D996 
DW7 

D908 
D900 

/DIOOO 
\r)1002 

D994 

nras 


Metert 

second. 
2,778 
3,4fi2 

3,048 
3,290 

3,720 
3,047 

2,022 
3,000 


Meten 

second. 
}  3,120 

}  8,174 

}  3,838 

}  2,061 


Ifetert 

teeond. 
2,060 
2,670 

2,028 
2,587 


Metm 
per 


2,443 


13,126 
\  2,667 


}  2,820 
}  2,758 
}  2,563 
}  2,841 


Meten 
per 

eecond. 
[3,147 
13,285 

13,000 
^3,027 

r  2,767 
\  3,309 

{ 


2,866 
3,061 


Meten 

teamd. 
I  3,216 

j- 3,048 

}  3,038 

}  2,064 


Meters 
per 


3,000 
3,147 

3,027 
2,067 

2,933 
3,158 

2,041 
2,008 


Meters 

eeamd. 
}   3,074 

}    2,007 

}    3,046 

}    2,022 


3,273 


2,746 


3,066 


3,010 


The  figures  representing  the  grand  averages  indicate  that  the  rate 
was  influenced  by  a  negative  acceleration  in  the  second  quarter  meter 
followed  by  a  positive  acceleration  in  the  second  half  meter.  This 
acceleration  occurred  in  all  tests  except  D996  and  D994. 

The  uniformity  of  the  rates  for  the  last  half  meter  and  the  meter  is 
noteworthy. 

With  a  20  per  cent '  'straight "  nitroglycerin  dynamite  such  difference 
as  was  shown  in  the  tests  indicated  that  the  ascending  order  of  ex- 
plosive efficiency  is:  Foreign,  special,  P.  T.  S.  S.,  Western  Coast. 

TESTS    WITH    A    40   PEB    CENT    STBENOTH    AMMONIA    DTNAMITB    CON- 
TAINING NITBOStJBSTITUTION   COMPOUNDS. 

Following  are  tabulated  the  results  of  tests  with  a  40  per  cent 
ammonia  dynamite  containing  nitrosubstitution  compounds.  The 
explosive  was  repacked  in  C€irtridges  seven-eighths  of  an  inch  in 
diameter.  r^^^^T^ 
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Results  of  raU-of-detonation  tests  vnlh  a  40  per  cent  strength  ammonia  dynamUe  coniain- 
ing  nitrosubstitution  compounds. 


Kind  of  electric  detonator. 


Test 
No. 


Rate  of  detonation  in  tabe. 


First  quarter. 


Indi- 
vidual 
rate. 


Aver- 


Second  quarter. 


Indi- 
vidual 
rate. 


Avep- 
nte. 


Second  half. 


Indi- 
vidual 
rate. 


Aver- 


Full  length. 


Indi- 
vidual 
rate. 


Aver- 


Weetem  coast {^ 


Bpedal. 


P.T.  S.S.. 


Foreign. 


/D879 
|\D9M 

1D904 
D919 
D920 

/D912 
\Dg22 


Meters 

Mcond, 
2,567 
3,082 

2,830 
2,587 

2,868 
2,472 
2,250 

2,250 

2,616 


Meten 

tecond. 
\  2,820 

I  2,704 
[2,363 
}  2,433 


Meten 

teotmd. 
2,394 
2,500 

2,588 
2,781 

2,286 
3,041 
2,446 

3,129 
3,125 


Meten 

second. 
}  2,447 

}  2,684 

2,594 

}  3,127 


Meten 

second. 
r  2,812 
[  2,616 

(2,900 
I  8,048 

(2,572 

2,663 

I  2.543 


Meten 
per 


{I: 


557 


}  2,714 
}  2,974 

2,503 

}  2,502 


Meten 

second. 
2,632 
2,687 

2,794 
2,853 

2,446 
2,605 
2,439 

2,538 
2,542 


( 
{ 

I  2,439  I 

{ 


Meters 

KfCOIMl. 

}    2,G60 

}    2,824 

2,527 

}    2,535 


The  rate  for  the  second  quarter  meter  was  the  highest  for  the 
P.  T.  S.  S.  and  the  foreign  electric  detonators. 

With  a  40  per  cent  strength  ammonia  dynamite  containing  nitro- 
substitution compounds  the  tests  indicated  that  the  ascending  order 
of  explosive  eflBciency  is:  P.  T.  S.  S.,  foreign,  Western  Coast,  special. 

TESTS  WITH  A  35  PER  CENT  STRENGTH  GELATIN  DYNAMrFE  2  TEARS  OLD. 

The  results  of  tests  with  a  35  per  cent  strength  gelatin  dynamite 
(two  years  old)  are  tabulated  below.  The  diameter  of  the  cartridges 
used  was  1^  inches. 

Results  of  rate-of -detonation  tests  tvith  a  35  per  cent  streTigth  gelatin  dynamite  two  years  old. 


Kind  of  electric  detonator. 


Test  No. 


Length* 
of  part  of 
file  blown 
oil  or  de- 
tonated. 


Percent- 
age of  file 
t&t  de- 
tonated. 


Average. 


Remarks. 


Western  Coast. . 
Special 

P.T.S.8 

Foreign 


D897 
D898 


1)901 
D902 


D896 
D968 

D890 
D900 


Indies. 
7.0 
8.0 

10.0 
9.0 

7.0 
18.0 
17.0 

6.0 
7.0 


Percent. 

17 
19 

24 
21 

0 
43 
40 

14 

17 


Percent. 

\       18.0 

\       22.6 

^       27.5 
\       15.5 


/Partial 
\       Do. 

f       Do. 

[       Do. 

fKodetonatloD. 
Partial  detooatiao. 
[       Do. 

r     Do. 

I       Do. 


a  Full  length  of  file,  42  inches. 

The  evidence  of  no  detonation  in  test  D889  was  that  nothing  but 
the  noise  of  the  electric  detonator  was  audible  when  the  trial  was 
made. 
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With  the  two-year-old  sample  of  35  per  cent  strength  gelatin 
dynamite  used  the  tests  indicated  that  the  ascending  order  of  ex- 
plosive efficiency  is:  Foreign,  Western  Coast,  special,  P.  T.  S.  S. 

The  percentage  of  partial  detonations  with  each  electric  detonator 
was  as  follows: 

Percentage  of  partial  detonationa  with  aSSper  cent  strength  gelatin  dynamite  two  years  old. 


Kind  of  electric  detonator. 


Western  Coast. 

Special 

PrT.8.8 

Foreign 


Number  of 
teste. 


Number  of 

tests  in 

which  partial 

detonation 

occurred. 


Percentage 
of  complete 
detona- 
tions. 


Percent. 
100 
100 
87 
100 


TESTS  WITH  A  40  PER    CENT    STRENGTH   GELATIN    DYNAMITE,    FROZEN. 

Following  are  the  results  of  tests  with  a  40  per  cent  strength 
gelatin  dynamite  (frozen).    The  diameter  of  the  cartridges  used  was 
H  inches. 
Results  of  rate-of-detoTiatUm  tests  with  a  40  per  cent  strength  gelatin  dynamite,  frozen. 


Test  No. 

Rate  of  detonation  in  tube. 

Kind  of  etoctrio  detonator. 

First 
quarter. 

Second 
quarter. 

Second 
.    halt 

Full 
length. 

Western  Coast 

D1091 
D1092 
D1088 
D1090 

Meters 

second. 
3,278 
4,167 
4,167 
3,090 

Meters 

7,177 
6,357 
7,756 
14,833 

Meters 

6,706 
6,013 
6,622 
5,361 

Meters 
6,028 

Spedsa 

6,460 
6921 
S,7S5 

irlC8.8 

Foreign 

Grand  ayerage , 

3, 874 

9,033 

6,900 

6,411 

The  figures  included  in  the  ''grand  average"  show  that  the  maxi- 
mum rate  occurred  in  the  second  quarter,  with  a  subsequent  falling 
off  in  the  rate;  moreover,  the  rate  varied  similarly  in  each  individual 
test. 

With  the  explosive  used  in  the  tests  the  results  indicate  that  the 
ascending  order  of  explosive  efficiency  is:  Western  Coast,  foreign, 
special,  P.  T.  S.  S. 

TESTS  WITH  A  35  PEE  CENT  STBENOTH  GELATIN  DYNAMrTE  3  YEABS  OLD. 

One  test  each  of  the  Western  Coast,  the  special,  and  the  foreign 
No.  6  electric  detonators  was  made  with  a  35  per  cent  strength  gela- 
tine dynamite  3  years  old.  The  diameter  of  the  cartridges  used  was 
1^  inches.  No  detonation  took  place  in  any  of  the  tests,  as  the 
explosive  was  so  old  and  insensitive  to  detonation  that  for  the  pui^ 
pose  of  discriminating  between  detonators  it  was  useless. 
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SXAIiL  LBAB  BLOCK  TB8T8. 

Small  lead  block  tests  were  made  with  the  four  No.  6  electric 
detonators.  The  results,  according  to  the  explosive  tested,  are  given 
below. 

TESTS  WITH  A  20  PER   CENT  " STRAIGHT''  NITEOGLYOERIN   DYNAMITE. 

Three  series  of  tests  were  conducted  with  a  20  per  cent  ''straight'' 
nitroglycerin  dynamite  in  different  conditions  as  indicated  below. 

Results  of  small  lead  block  tests  vnth  a  tO  per  cent  "straight**  nitroglycerin  dynamite  with 

6  per  cent  of  added  water. 


Kind  of  electric  detonator. 


TcetNo. 


Compres- 


Ayenge 
oonpres- 


Western  Coast. 


Special. 


P.T.  S.8. 


Foreign. 


B769 
B768 
B777 

B7eo 

B7(» 
B77B 

B761 
B770 
B779 

B76B 

B767 
B776 


Mm. 
15.00 
14.75 
15.25 

14.00 
15.25 
15.25 

15.00 
15.00 
15.00 

14.26 
14.75 
15.00 


Mm. 


15.00 


14.83 


15.00 


14.67 


In  the  tests  the  explosive  produced  nearly  uniform  individual  com- 
pressions and  little  difference  in  the  average  compressions,  but  such 
difference  as  was  shown  indicated  that  the  ascending  order  of  explosive 
efficiency  is:  Foreign,  special.  Western  Coast,  P.  T.  S.  S. 

The  results  of  tests  with  the  same  explosive,  but  containing  4  per 
cent  of  added  water  and  frozen,  were  as  follows: 

Results  of  small  lead-hloch  tests  tvith  a  20  per  cent  *' straight**  nitroglycerin  dynamite  eon-- 
taining  4  per  cent  of  added  water  and  frozen. 


Kind  of  electric  detonator. 

Test 
No, 

Tempera- 
ture of 
fronn 

explosiva. 

Percentage 
of  water 
added. 

Oompres* 
sion. 

Average 

oomprea- 

aiOQ. 

WeBtemOoaat 

B661 
B652 
B558 
B660 

•c. 

-9.0 
-9.0 
-9.0 
-9.0 

4.0 
4.0 
4.0 
4.0 

Mm. 
12.75 
12.50 
13.00 
12.75 

Mm. 

12.75 

SpfKrfa] 

12.50 

f^T.S.S 

Foraign 

U.00 
12.75 

With  the  explosive  in  the  condition  mentioned,  the  results  of  the 
tests  indicate  that  the  ascending  order  of  explosive  efficiency  is: 
Special,  Western  Coast,  foreign,  and  P.  T.  S.  S. 

Further  tests  were  conducted  with  6  per  cent  of  water  ^ded  to 
the  explosive  and  the  explosive  frozen  (temperature  9®  C).  Three 
tests  were  made  with  each  of  the  four  grades  of  electric  detonators, 
but  the  explosive  was  too  insensitive  to  detonation  to  be  djacriini- 
native,  as  no  compression  of  any  of  the  blocks  was  produced,  j 
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TESTS  WITH  A   40  PEE  CENT   STRENGTH  AMMONIA   DYNAMITE. 

Following  are  the  results  of  tests  with  a  40  per  cent  ammonia 
dynamite,  to  which  had  been  added  6  per  cent  of  water: 

Remits  ofmnall  lead  blodt  tests  wUh  a  40  per  cent  strength  ammonia  dynamite  amtaining 

6  per  cent  of  added  water. 


Kind  of  eleotrlo  detonator. 

Test  No. 

Compres- 
sion. 

Average 
compres- 
sion. 

WesternCoAst 

B660 
B660 
B678 
B687 
Ba06 

B661 
B670 
B670 
B688 
Be07 

B682 
B671 
B«80 

Baao 

B«6 

§ss 

B677 
B680 
BOOS 

Mm. 
8.26 
0.00 
0.00 
8.00 
0.60 

8.00 
8.26 
8.60 
7.76 
0.25 

0.75 
8.75 
0.25 
.     7.76 
0.25 

8.00 
10.00 
0.25 
0.60 
0.25 

Mm. 

X^imrial. 

8.75 

P.T.S.S 

Vonien ....v.r.r -. 

8.40 
8.06 

0.20 

The  results  were  obviously  erratic.  However,  the  tests  indicated 
that  the  ascending  order  of  explosive  eflSciency  is:  Special,  Western 
Coast,  P.  T.  S.  S.,  foreign. 

TESTS   WITH   A  40   FEB  CENT  STRENGTH   GELATIN  DYNAMITE,  FROZEN. 

The  results  of  tests  with  a  40  per  cent  strength  gelatin  dynamite 
(frozen)  were  as  follows  (PI.  Y,  B):  i 

Results  of  snudl  lead  block  tests  with  a  40  per  cent  strength  geUUin  dyvunmiUj  frozen. 


Kind  of  electric  detonator. 


Tempera- 

Test 

ture  of 

Compres- 

No. 

firoien 
explosive. 

sion. 

•c. 

Mm. 

B635 

-2.6 

14.76 

B642 

-6.0 

17.75 

B706 

+  .6 

12.60 

B714 

+2.6 

12.60 

B723 

+2.6 

12.00 

B«M 

-2.6 

12.75 

B648 

-5.0 

18.00 

B706 

+  .5 

15.00 

B715 

+2.6 

14.76 

B724 

+2.6 

18.75 

B681 

-4.6 

12.60 

B644 

-6.0 

10.25 

B707 

+  .6 

14.25 

BTie 

+2.6 

14.25 

B725 

+2.6 

14.50 

B684 

-2.6 

11.00 

BMl 

-6.0 

18.00 

B704 

+  .6 

U.00 

B718 

+2.6 

16.26 

B722 

+2.6 

15.60 

Average 
compres- 
sion. 


Western  Coast . 


BpsoiaL. 


P.T.8.8. 


Forsign. 


Mm. 
13.00 


14.85 


14.05 


15.15 


rS^ 


§ 


k 


68       INVESTIGATIONS  OF  DETONATOBS  AND  BLBCTBIO  DETONATORS. 


As  indicated  by  the  table,  the  results  of  the  tests  were  very  erratic 
with  this  frozen  gelatin  dynamite.  The  insensitiveness  of  this  explo- 
sive has  been  mentioned  in  a  foregoing  section  regarding  the  incom- 
pleteness of  detonation  in  tests  with  the  Nos.  3,  4,  and  5  electric  deto- 
nators. With  the  No.  6  electric  detonators,  however,  detonation  was 
complete  in  every  trial. 

EZPL08I0N-BY-IN7LTrBN0E  TB8T8. 

Tests  involving  explosion  by  influence  as  outlined  in  a  foregoing 
section  relative  to  tests  of  diflferent  grades  of  P.  T.  S.  S.  electric  deto- 
nators were  made  of  the  four  kinds  of  No.  6  electric  detonators,  as 
described  below: 

TESTS  WITH  AN  EXPLOSIVE  OF  CLASS  1,  SUBCLASS  a. 

Following  are  the  results  of  tests  with  an  explosive  of  class  1,  sub- 
class a  (an  ammonium-nitrate  explosive  containing  a  sensitizer  that 
is  itself  an  explosive).  The  size  of  the  cartridges  used  was  IJ  by  8 
inches  and  the  average  weight  was  166  grams. 

Results  of  explosion-by-injluence  tests  with  an  explosive  of  doss  1,  subdass  a  (sample  1). 


Kind  of  electric  detonator. 

Test  No. 

Distance 
separating 
cartridges. 

Result  on  upper 
cartridge. 

Established 
distance  at 
wfeJchdeto- 
natkmdid 
not  occur. 

Western  Coast 

J7tt 
J789 

J7eo 

J768 

J741 
J742 
J743 
J744 
J745 
J746 

J763 
J764 
J765 
J756 
J757 

/fidket. 
2 

1 
2 

1 

Did  not  explode 

Exploded.; 

/fieftet. 
1 

\                2 

Special 

Did  not  explode 

Exploded 

1 

P.T.8.S 

Didnot  explode 

do 

do 

do 

do 

Exploded 

2 

Voralgn., 

bid  Mt  explode. V.'.".! 
do 

do 

do 

Exploded 

1 

Did  not  explode 

With  the  ammonium-nitrate  explosive  used,  the  results  of  the  tests 
indicated  that  the  ascending  order  of  explosive  efficiency  is:  Foreign, 
Western  Coast  and  special,  P.  T.  S.  S. 

TESTS  WrrH  AN  EXPLOSIVE   OF  oIaSS  4. 

The  results  of  tests  with  an  explosive  of  class  4  (an  explocive  in 
which  the  characteristic  material  is  nitroglycerin)  are  tabulated 
below.  The  size  of  the  cartridges  used  was  1}  by  8  inches,  their 
average  weight  being  161  grams,  except  that  in  the  trials  imder  test 
J896  the  upper  cartridge  weighed  110  grams  and  was  5  inches  long. 
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Results  of  exphsiofirby-mfltience  tests  with  an  explosive  of  class  4. 


Distance 

Kind  of  electric  detonator. 

Test  No. 

separat- 
ing car- 
tridges. 

Result  on  upper 
cartridge. 

Inches. 

Wastflm  Coast 

J805 
J895 

Exploded.      * 
Did  not  explode. 

J805 

Do. 

jms 

Do. 

J896 

Exploded. 

J806 

Do. 

J896 

Did  not  explode. 

flt?4M*ial 

J895 
J885 

Exploded. 

Did  not  explode. 

J885 

Do. 

J806 

Do. 

J896 

Exploded. 

J896 

Do. 

J8M 

Dia  not  explode. 

P.T.B.S 

J805 

Do. 

3m 

Do. 

J806 

Do. 

JW5 

Exploded. 

J80d 

4 

Do. 

7806 

Do. 

7806 

Did  not  explode. 

Foralgii 

7805 

Do. 

J80S 

Do. 

7805 

Do. 

7805 

Do. 

7806 

Do. 

7806 

Do. 

7806 

Do. 

Percentage  of  explosions  of  the  upper  cartridge  in  expUmon-hy-itifluence  tests  with  an 

explosive  of  class  4- 


Kind  of  electric  detonator. 


Western  Coast 

Special 

P.T.8.S 

Foreign , 


Number  of 
tests. 


Number  of 
explosions  of 

cuuldge. 


Percentage 
of  explo- 
sions of 

cartndge. 


PercenL 


43 
43 
43 
0 


In  all  tests  in  which  the  distance  separating  cartridges  was  5  inches 
the  bottonis  of  the  cartridges  (as  packed)  faced  each  other;  in  all 
t-ests  in  which  the  distance  was  4  inches  the  tops  of  the  cartridges 
faced  each  other. 

The  tests  indicated  that  the  foreign  electric  detonator  was  not  as 
effective  under  the  conditions  of  the  tests  as  were  the  other  three. 

TESTS  WTFH  A  40  FEB  CENT  STRENGTH  AMMONIA  DTNAMPrE   CONTAIN- 
ING  NrrBOSUBSTITTJTION   COMPOUNDS. 

Following  are  the  results  of  tests  with  a  40  per  cent  strength 
ammonia  dynamite  containing  nitrosubstitution  compounds.  The 
cartridges  used  measured  1^  by  8  inches  and  their  average  weight 
was  226  grams,  ^  I 
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Remits  of  expl(mofi4fy4r^uence  tuU  wUh  a  40  per  cent  eirenath  ammonia  dynamiu  con- 
tainvng  nitrosuhsiitubon  oompounde. 


Kind  of  electric  detonator. 


Test 
No. 


Distance 
separating 
eartildgte. 


Result  on  upper 
cartridge. 


Distance 
at  which 


did  not 


Western  Coast. 


SpeciBl 

P.T.B.S 


Foreign. 


J714 
J716 

jm 

J718 
J719 

J«80 
JOOO 
J091 

je98 

J0O4 
J«6 
X6M 
J697 

jeo6 

Jfl09 

mi 

J712 
J713 


8 
0 
9 

8 
7 
8 

14 
13 
9 
7 
8 
4 
6 
8 
7 
8 
8 

8 
7 
8 


Exploded 

Did  not  explode.., 
do 


.do. 


Exploded 

Did  not  explode.. 


do 

do 

do 

do 

do 

Exploded 

....:do 

do 

do 

Did  not  explode.. 
do 


.do. 


Exploded 
Did  not  03 


not  explode.. 


The  tests  show  practically  the  same  result  regardless  of  the  electric 
detonator  used. 

TESTS  WriH  A  36  PEE  CENT  STRENGTH  GTSLATIN   DTNABnTE    2   TEARS 

OLD. 

The  results  of  tests  with  a  35  per  cent  strength  gelatin  dynamite 
(two  years  old)  are  tabulated  below.  The  cartridges  used  were  1 1  by 
8  inches,  their  average  weight  being  265  grams. 

Reeulta  of  expUmorirby^nJluenee  te$t$  with  a  SS  per  cent  etrength  gelaiin  dynamite  (tioo 

yean  old). 


Test 
No. 

Distance 
separating 
cartridges. 

Result  on  upper 
oartridgaT 

Western  Coast 

7784 
J786 

J7S7 
1788 

7734 
J726 

7788 

/adket. 
0 
0 

0 
0 

6 
5 

4 
8 
0 
0 

0 
0 

Didnotezploda. 
Do. 

Special 

P.T.S.8 

Tnr^i^ ,    ,       

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

Do. 
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These  tests  failed  to  discriminate  between  the  different  detonators, 
as  in  no  trial  did  the  explosion  of  the  lower  cartridge  cause  the  detona- 
tion of  the  upper  cartridge. 

TBATTZL  LEAD  BLOCK  TBST8  a 

In  testing  the  four  kinds  of  No.  6  electric  detonators  the  Trauzl 
lead  block  tests  were  used  in  addition  to  the  tests  previously  described. 

The  Trauzl  lead  blocks  are  cylindrical  in  shape,  measuring  200  mm. 
in  diameter  and  200  mm.  in  height.  They  have  an  axial  bore  hole  25 
nun.  in  diameter  and  125  mm.  in  depth.  The  charge  of  20  grams  of 
the  explosive  in  which  the  electric  detonator  was  embedded  was 
placed  in  the  bottom  of  the  bore  hole  and  no  stemming  was  used. 
The  increase  in  the  volume  of  water  that  the  bore  hole  would  contain 
after  an  explosion  was  the  result  recorded. 

Following  is  a  tabulation  of  results  of  Trauzl  lead  block  tests  in 
which  a  20  per  cent ' '  straight "  nitroglycerin  dynamite  was  used.  The 
charge  of  explosive  in  each  test  was  20  grams,  to  which  was  added 
6  per  cent  of  water. 

Riiuiti  of  Tmuzl  lead  block  tests  with  a  tO  per  cent  ** straight**  nitroglycerin  dynamite. 


Kind  of  etoetric  detonator. 


Test  No. 


Expanskxi. 


Western  Coast. 

Special 

P.T.8.8 

Foreign 


/         A817 
\         A818 

/         A819 
\         A821 

r         Affi2 
I         A824 

A815 
A816 


C.e, 
176 
173 

177 
176 

178 
176 


{ 


178 
170 


C.C. 
174 

176 

m 

}  178 


As  indicated  by  the  table,  the  average  expansion  of  the  blocks  in 
each  test  was  nearly  the  same. 

PEBCENTAGES  OF  DETONATIONS  IN  INBIBEOT  TESTS  OF  FOTTK 
KINDS  OF  NO.  6  ELEGTBIO  DETONATORS. 

The  percentages  of  detonations  in  the  indirect  tests  of  the  four 
kinds  of  No.  6  electric  detonators  are  given  below.  The  percentages 
of  detonations  in  the  tests  of  each  electric  detonator  are  also  aver- 
aged, each  average  percentage  having  a  value  proportional  to  the 
number  of  tests  from  which  it  is  computed;  that  is,  each  percentage  is 
multiplied  by  the  number  of  tests  it  represents  and  the  sum  of  the 
products  is  divided  by  the  total  number  of  tests  of  the  electric  deto- 
nator considered. 

«  For  a  more  extended  descriptkm  of  this  test  see  BnU.  15,  Bureau  of  Mines:  Investigations  of  explosives 
used  in  coal  mines;  with  a  chapter  cm  the  natural  gas  used  at  Pittsburgh,  by  O.  A.  Bnrrell,  and  an  hitro- 
dooticm  \>Y  C  E.  Hunroe^  hj  Qaranoe  Hall^  W.  O.  Sndlin^,  and  8.  P.  Howell,  1012,  pp.  114-U9, 
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Percentages  of  detonaticyM  in  indirect  tests  of/our  kinds  of  No.  €  electric  detonators. 


Character  of 
test. 

Western  Coast. 

Special. 

P.T.8.8. 

Foieign. 

Class  and  srade  of 

Perw 

oentage 
of  deto- 
nations. 

Nnm- 
berof 
tests. 

Per- 
centage 
of  deto- 
nations. 

Nnm- 
berof 

tests. 

Per- 
oentage 
of  deto- 
nations. 

Nnm- 
berof 
tests. 

Per- 
centage 
ofdeto- 
nations. 

Nnm- 
berof 
tests. 

Class  1.  subdass  a 
(sample  1). 

40  per  cent  strength 
edatin  dynamite 
(frozen). 

36  per  cent  strensth 
gelatin  dynamite 
(2  years  old). 

20percent''straMLt" 
nitooglycerin  ajnsr 
mite  (frozen  and  con- 
taining 6  per  cent  of 
added  water). 

40  per  cent  strength 
gelatin  dynamite 
(frozen). 

Rateofdet- 

onation. 
do 

do 

SmaUlead 
block. 

do 

Per  a. 
100 

100 

100 

0 

100 

2 
1 

2 

3 

5 

Peret. 
100 

100 

100 

0 

100 

5 

1 

2 
3 

6 

Peret. 
100 

100 

67 
0 

100 

2 
1 

3 

3 

5 

Peret. 
67 

100 

100 

0 

100 

3 

1 

2 
3 

5 

Average 

55.5 

is' 

71.4 

2i 

63.2 

ii' 

01.1 

Total  number  of  tests. . 

18 

COMPABATIVB  EXPLOSIVE  BFFICIBNGY. 

The  percentage  of  explosive  efficiency  of  the  four  kinds  of  No.  6 
electric  detonators  was  obtained  by  averaging  all  tests  in  which  the 
rate  of  detonation,  compression^  or  expansion  was  determined  for  all 
detonators.  Each  percentage  was  given  a  value  proportional  to  the 
number  of  tests  from  which  the  percentage  was  computed.  In  each 
case  the  percentage  of  explosive  efficiency  of  the  P.  T.  S.  S.  No.  6 
electric  detonator  is  given  a  value  of  100  and  is  taken  as  the  unit 
of  comparison. 
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COMPARATIVE    EXPLOSIVE    EFFICIENCY     OF    FOUR    EINDS    OF 
NO.  6  ELECTBIC  DETONATOBS. 

The  comparative  explosive  efficiency  of  the  four  grades  of  electric 
detonators  (fig.  5),  as  established,  is  tabulated  below. 

GRADE  OP 
ELECTRiO 
OETONATOR  PROGABIUTY  OP  DETONATION 


WESTERN  COAST 

SPECIAL 

P.T.S.S. 


FiouBS  5.— Comparative  expIoslTe  efficiency  of  four  kinds  of  No.  6 
electnc  detonators  as  established  by  Indirect  tests. 

Explosive  efficiency  of  four  hinds  of  No.  6  electric  detonators. 


- 

Kind  of  electric  detonator. 

Peroentaf?eof 

probabiUtyof 

detonation. 

Explosive 
efficiency  for 
those  tests  in 
which  detona- 
tion occurred. 

"Western  Coast 

Percent. 
65.5 
71.4 
63.2 
61.1 

Percent. 

9  J.  5 

Special 

95.6 

P.T.S.S.No.6 

100.0 

Forfiign 

95.2 

. 

RELATIVE  STRENGTH  OF  DETONATORS  AND  EIJECTRIC 

DETONATORS. 

It  is  generally  recognized  that  the  safest  way  of  firing  shots  in 
blasting  operations  is  with  electric  detonators  by  means  of  the  electric 
current.  This  is  especially  true  ia  gaseous  coal  mines,  because  if 
fuse  is  used  the  flame  produced  by  the  burning  fuse  may  ignite 
such  inflammable  gaseous  mixtures  as  are  present.  There  is  also 
danger  of  a  hangfire  when  the  charge  may  be  exploded  unexpectedly, 
due  to  the  smoldering  of  the  fuse. 

There  are,  however,  many  conditions  of  mining  under  which 
electric  detonators  can  not  be  used  advantageously.  In  driving 
drifts  in  many  of  the  metal  mines  of  this  country  fuse  is  generally 
used.  In  work  of  this  kind  it  is  often  necessary  to  fire  dependent 
shots,  and  the  flying  rock  from  one  shot  may  disconnect  or  cause 
short-circuiting  of  the  electric  wires  of  the  detonators  wired  for 
succeeding  shots.  When  fuse  is  used,  different  lengths  can  be  cut 
and,  before  lighting,  the  projecting  ends  can  be  coiled  in  a  place 
within  the  mouth  of  the  hole  where  they  are  wsU  protected. 

It  has  been  observed  that  mercury  fulminate  ignited  in  small 
quantities  develops  its  full  force  only  when  confined.  It  also 
has  been  believed  that  the  sulphur  plug  in  an  electric  detonator 
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oflFers  more  confinement  to  the  fulminating  composition  of  a  detonator 
than  a  piece  of  fuse  does,  even  when  the  fuse  is  properly  used  and 
securely  crimped  in  place.  Therefore  it  ssemed  desirable  to  make 
comparative  efficiency  tests  of  both  electric  detonators  and  detonators 
fitted  with  fuse.  The  nail  test  was  adopted  for  the  reason  that  it 
produced  more  nearly  the  results  established  for  the  efficiency  of 
detonators  than  any  of  the  other  direct  methods. 

The  nail  test  was  made  with  the  No.  3  and  the  No.  6  detonators 
and  with  the  electric  detonators  made  from  these  detonators,  with  the 
following  results: 

Results  of  nail  tests  with  No.  3  and  Xo.  6  detonators  and  electric  detonators. 


Grade  of  detonator  or  electric  detonator. 

Tpst 
No. 

Degrees  of  bending 
in  trial— 

Aver- 
age. 

Mini- 

1 

3 

3 

4 

5 

No.  3  detonator  «       

M289 
M279 

• 

8 
12 
32 
31 

o 

7 

10 
29 
31 

o 

9 

8 

o 

9 
9 

^0 

o 

8 

7 

31 

27 

0 

8.2 

9.2 

31.4 

31.6 

• 
7 

Ko.  3  el<H'tric  detonator 

7 

No.  6  dpionator  o 

29 

No.  6  electric  detonator 

M321 

3.i 

36 

27 

o  Fired  with  fuse  placed  ajainst  the  comprc^ied  charge  of  mercury  fulminate  composition  and  crimped 
in  place. 

The  compressed  charge  of  the  No.  6  electric  detonator  weighed 
1.0225  grams  and  consisted  of  89.61  per  cent  of  mercury  fulminate 
and  10.39  per  cent  of  potassium  chlorate.  The  priming  charge  con- 
sisted of  0.02  gram  of  loose  guncotton.  As  the  weight  of  charge  of 
this  electric  detonator  was  practically  the  same  as  of  the  P.  T.  S.  S. 
electric  detonator,  the  increased  strength  as  shown  by  the  nail  test 
(nail  bent  31.6°  by  the  No.  6  electric  detonator  as  compared  with 
24.4°  by  the  P.  T.  S.  S.  electric  detonator)  would  indicate  that  the 
quantity  of  compressed  charge  in  the  detonator  may  be  a  function  of 
the  efficiency  of  the  detonator. 

The  tests  showed  that  with  low-grade  detonators  the  strength  of 
electric  detonators  is  slightly  greater  than  that  of  the  corresponding 
detonators,  but  that  with  greater  charges,  such  as  the  No.  6  detonators 
contain,  the  strength  of  the  two  typos  is  practically  the  same.  This 
indicates  that  the  additional  confinement  given  by  the  plug  of  the 
electric  detonator  as  compared  with  the  fuse  of  the  fuse  detonator  is 
important  only  with  the  low-grade  detonators. 

A  serious  objection  to  the  use  of  fuse  and  detonators  in  wet  blasting 
is  the  fact  that  it  is  impossible  to  perfect  a  waterproof  seal  at  the  top 
of  the  detonator  when  it  is  crimped  on  the  fuse.  The  ordinary  fuse 
crimper  depends  on  flattening  the  sides  of  the  copper  shell  to  con- 
tract the  diameter  of  the  detonator.  Testa  have  sliown  that  when  a 
detonator  is  crimped  on  a  fuse  in  this  manner  and  submerged  under 
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water  for  30  minutes  the  fulminating  charge  and  the  powder  train  at 
the  end  of  the  fuse  in  the  detonator  become  damp.  The  spit  of  the 
lighted  fuse,  if  the  fuse  bums  through,  is  usually  of  insufficient  in- 
tensity to  cause  an  explosion  of  the  fuhninating  chiuge.  In  some  cases 
a  sharp  explosion  or  an  explosion  of  a  very  low  order  occurs.  If  only 
a  little  water  enters  the  detonator,  the  spit  of  the  burning  fuse  is 
often  sufficient  to  cause  the  fuhninating  charge  to  detonate  with  a 
sharp  report  and  completely  destroy  the  copper  shell.  In  some  of 
the  tests  70  to  80  per  cent  of  the  compressed  fulminating  charge  was 
recovered  in  the  lower  part  of  the  copper  shell.  The  spit  of  the  burn- 
ing fuse  had  seemingly  caused  a  part  of  the  fulminating  composition 
to  detonate,  the  detonation  destroying  the  top  part  of  the  copper 
shell  but  not  being  propagated  throughout  the  remainder  of  the  wet 
fulminating  charge.  In  these  instances  a  slight  report  only  was 
audible.  Obviously  an  explosion  of  this  order  would  not  cause  a  com- 
plete detonation  of  dynamite  or  other  high  explosives.  In  some  of 
the  tests  a  thin  coating  of  tallow  was  placed  on  the  fuse  one-fourth  of 
an  inch  from  the  end  and  extending  a  distance  of  one-half  of  an  inch 
up  on  the  fuse.  In  the  tests  in  which  taUow  was  placed  around  the 
fuse  before  it  was  inserted  into  the  detonator  a  more  perfect  seel  was 
made. 

A  new  crimper  recently  placed  on  the  market  crimps  the  detonator 
on  the  fuse  in  a  manner  different  from  that  of  any  of  the  other  types 
of  crimpers.  The  salient  feature  of  this  crimper  is  its  ability  to  con- 
tract the  top  of  the  detonator  uniformly  and  to  form  a  |-mch  groove 
around  the  copper  shell,  thus  perfecting  a  seal  of  the  detonator  on  the 
fuse  that  will  permit  submersion  under  water  for  30  minutes.  The 
shell  is  pressed  firmly  and  uniformly  into  the  fuse,  but  not  far  enough 
to  break  or  separate  the  powder  train.  Owing  to  the  varying  diame- 
ters of  different  types  of  fuse  and  the  probability  of  considerable 
variation  in  the  same  type  or  even  in  the  same  coil  of  fuse,  the  use  of  a 
thin  film  of  tallow  around  the  end  of  the  fuse  that  is  inserted  into  the 
detonator,  as  described  above,  will  make  a  better  seal  irrespective 
of  the  crimper  used. 

TESTS  WITH  A  TRINITROTOLUBNE  DETONATING  FUSE. 

As  the  results  of  all  tests  made  with  explosives  sensitive  to  deto- 
nation showed  that  when  a  complete  detonation  was  obtained  the  rate 
of  detonation  was  practically  the  same,  the  authors  decided  to  carry 
on  tests  with  a  few  explosives,  using  No.  6  electric  detonators  and 
trinitrotoluene  detonating  fuse  as  the  initiatory  explosive. 

The  trinitrotoluene  detonating  fuse  used  in  the  tests  was  a  lead  tube 
filled  with  trinitrotoluene,  and  is  commercially  known  as  "cordeau 
detonant.^'  The  results  of  physical  examination  of  the  fuse  were  as 
follows. 
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Re9%dt8  ofphyncal  examination  ofe-mm.  detonating  fuse  (cordeau  deUmant), 

Outside  diameter,  inches 0.2275 

Thickness  of  lead,  inches 0275 

Inside  diameter  of  tube,  inches 1725 

Weight  of  a  foot  length,  grama 41 .  74 

Weight  of  a  foot  length  of  lead  tube,  grams 35. 32 

Weight  of  a  foot  length  of  charge,  grama 6. 42 

Density  of  chaige 1. 40 

Consistency  of  charge:  Powdered;  very  fine;  dry;  soft;  slightly  cohesive. 
Color  of  diaige:  Straw. 

The  tests  were  made  with  explosives  in  which  a  6-inch  length  of 
the  detonating  fuse  (cordeau  detonant)  was  embedded  centrally 
at  one  end  of  the  charge,  the  side  of  the  fuse  being  slit  and  spread 
open  from  one  end  a  distance  of  1 J  inches.  A  No.  6  electric  detonator 
was  placed  against  the  trinitrotoluene  in  the  sUt  and  tied  firmly  in 
place.  The  electric  detonator  and  attached  detonating  fuse  (cordeau 
detonant)  was  imbedded  in  the  explosive.  Following  is  a  tabulation 
of  the  results  of  the  tests: 

Results  of  rate-of-detOTUtticm  tests  of  explosives  with  a  No.  6  electric  detonator  and  detonat- 
ing fuse  {cordeau  detonant). 


Class  of  explosive. 


Test  No. 


Rate  of 
detonation. 


Average 

rate  of 

detonation. 


Class  1,  sobdass  a  (sample  1} 

Class  1 ,  subclass  b  (sample  2) 

20  per  08ot  "straight"  nitroglycerin  dynamite. 


40  per  cent  strength  ammonia  dynamite  (containing  nitrosubsti- 
tation  compounds) 


35  per  cent  strength  gelatin  dynamite  (two  years  old). 


1)061 
D982 

Dgso 
Dgoi 

D1007 
D1008 
DlQOe 


D880 
D883 
D884 
D885 
D886 

D893 
D894 


Meteri 

2,231 
2,225 


« 


3,156 

2,947 
3,100 


2,444 
(«) 
2,945 
2,821 
2,713 


Meters  iter 
tecona. 

2,238 


3,008 


2,731 


a  Incomplete  detonation;  rate  not  determined. 

Comparative  results  of  tests  with  deUmating  fuse  fired  with  No,  6  detonators  and  vnth  No.  S 
electric  detonators  v£ed  alone. 


No.  6 
electric  de- 
tonator and 
detonating 

fuse. 


No.  6 

electric 

detonator. 


Avera^ies  of  the  rate  of  detonation  of  three  explosives,  meters  per  second. 
Explosive  efficiency,  per  cent 


2,686 
101.6 


2,645 
100.0 


The  results  of  the  tests  show  that  a  6-inch  length  of  detonating 
fuse  (cordeau  detonant)  used  in  connection  with  a  No.  6  electric 
detonator  does  not  increase  the  rate  of  detonation  of  the  explosives 
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tested.  The  slight  increase  indicated  in  the  table  is  explained  by  the 
fact  that  the  rate  of  detonation  of  detonating  fuse  (cordeau  detonant) 
itself  is  about  4,900  meters  per  second  and  that  the  fuse  extended 
about  one-eighth  the  length  of  the  charge. 

If  the  detonating  fuse  had  extended  the  full  length  of  the  charge 
the  rate  of  detonation  of  the  explosive  would  probably  have  been 
increased  to  4,900  meters  per  second,  the  rate  of  the  detonating  fuse. 

Detonating  fuse  has  been  used  to  some  extent  in  deep-hole  blasting. 
A  piece  of  the  fuse  is  laid  beside  the  charge  of  high  explosive  that  has 
been  inserted  into  the  hole.  The  fuse,  when  detonated,  accelerates 
the  rate  of  detonation  of  the  explosive,  thus  producing  a  greater  shat- 
tering effect  on  the  surrounding  rock.  Detonating  fuse  has  also  been 
used  to  replace  electric  detonators  in  large  blasts  when  simultaneous 
blasting  is  desired.  Obviously,  when  detonating  fuse  is  used  in  drill 
holes  containing  a  long  charge  of  explosive  whose  rate  of  detonation 
is  less  than  that  of  the  detonating  fuse,  a  greater  shattering  effect  will 
be  produced.  When  the  rate  of  detonation  of  the  explosive  charge  is 
greater  than  that  of  the  detonating  fuse,  the  only  advantage  in  using 
the  fuse  would  be  to  insure  a  complete  detonation  of  the  entire 
charge  of  explosive. 

TESTS   WITH  DETONATORS   DISTRIBUTED  IN   CHARGE. 

With  long  charges  of  high  explosives  in  blasting  work,  it  has  some- 
times been  the  custom  to  place  detonators  at  intervals  in  the  charges, 
in  the  belief  that  the  work  accomplished  by  the  explosives  would  be 
increased.  Rate-of-detonation  tests  were  made  with  an  explosive  of 
class  1,  subclass  a,  sample  3  (an  ammonium-nitrate  explosive  con- 
taining a  sensitizer  that  is  itself  an  explosive),  in  charges  1 J  inches  in 
diameter,  with  and  without  No.  7  detonators  distributed  in  the  explo- 
sive, to  determine  whether  detonation  of  the  charge  would  occur  at 
a  greater  distance  because  of  the  presence  of  the  detonators.  The 
explosive  had  been  previously  tested  (see  p.  29)  in  charges  1^ 
inches  in  diameter,  with  the  result  that  the  No.  7  electric  detonator 
caused  complete  detonation  in  every  trial,  whereas  the  No.  3  electric 
detonator  failed  to  do  so  once  out  of  three  trials.  The  explosive  was 
insensitive  to  detonation  and  was  purposely  chosen  for  this  reason. 
The  results  were  as  follows: 
Results  of  rate-of-deUmation  tests  in  which  No.  7  detonators  were  distribtUed  in  the  charge. 


Grade  of  detonator. 

Test  No. 

Dimensions  of  galvan- 
ized-iron  tube  used. 

Result. 

Diameter. 

I>ength. 

No.  7 

aDll34 

&  D1147 
c  D1148 

Inches. 

11 

Inchu, 
42 

80 
42 

DetonaUon  in>- 

No.  7 

complete. 

No.7 

Do 

a  No  detonators  distributed  in  tlie  charge. 

&  Three  No.  7  detonators  placed  every  one-half  meter  in  the  charge. 

c  Three  No.  7  detonators  placed  every  one-fourth  meter  in  the  charge. 
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Further  tests  were  made  with  an  insensitive  gelatin  dynamite  by 
placing  one  No.  7  detonator  every  one-eighth  meter  in  the  charge, 
with  results  as  follows : 


Results  of  raU-of -detonation  tests 

in  which  No. 

7  detonators  were  distributed  in 

the  charge. 

Grade  of  detonator. 

Dimensions  of  galvan- 
Dlameter  of     izod-iron  tube  used, 
cartridges.  ' 

Length  of 
charge  that 

j  Diameter. 

Length. 

detonated. 

No.  7 

No.  7 

No.  7 , 

Inches.          Inches. 

n  1            n 

Inches. 
42 
42 
42 

Inches. 
21i 
16 

20 

The  results  of  rate-of-detonation  tests  with  the  same  explosive, 
when  no  extra  detonators  were  used,  were  as  foUows: 

Results  of  rate-of-detonation  tests  without  extra  detonators. 


Grade  of  detonator. 

Diameter  of 
cartridge. 

Dimensions  of  galvan- 
ized-iron  tube  used. 

l/cngth  of 
charge  that 

Dii  meter.      Length. 

detonated. 

No.  7 

Inches. 
H 

Inches. 

11 

Inches. 
42 

Inches. 

6 

No.7 

n 

42 
42 

15 

No.7 

9 

The  results  of  the  tests  tabulated  above  indicate  that  extra  detona- 
tors distributed  5  inches  apart  in  a  cartridge  file  of  an  insensitive 
explosive  40  inches  long  have  a  slight  tendency  to  increase  the  propa- 
gation of  the  explosive  wave,  but  that  extra  detonators  placed  10 
inches  apart  oflfer  no  advantage. 

With  an  insensitive  gelatin  dynamite,  such  as  that  used  in  the 
tests,  the  influence  of  the  detonator  probably  does  not  extend  further 
than  5  inches.  Furthermore,  the  explosipn  wave  and  the  detonation 
of  the  explosive  surrounding  the  detonator  probably  precede  the 
explosion  of  the  detonator.  Assuming  this  to  b6  true,  the  detonator 
is  exploded  in  the  products  of  combustion  of  the  explosive,  and, 
accordingly,  oflFers  Uttle,  if  any,  advantage  as  a  means  of  extending 
the  explosive  wave. 

Attention  is  called,  however,  to  the  fact  that  it  is  often  advan- 
tageous to  fire  simultaneously  two  or  more  electric  detonators  placed 
in  different  parts  of  the  charge  in  the  same  drill  hole.  Under  these 
conditions,  if  the  charge  is  fired  simultaneously,  the  time  of  detonation 
would  be  reduced,  and,  accordingly,  the  shattering  effect  of  the 
explosion  would  be  materially  increased.  Also  when  long  charges 
of  explosives  are  used,  it  is  sometimes  necessary  to  use  more  than  one 
electric  detonator  in  the  charge  to  insure  complete  detonation. 
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In  quarry  operations  the  lai^e  drill-hole  method  of  blasting  is 
being  rapidly  introduced.  The  former  practice  of  quarrying  by  th© 
bench  method  and  drilling  holes  of  small  diameter,  which  in  many 
cases  requires  the  chambering  of  the  bottom  of  the  drill  holes  before 
loading  the  main  charge,  is  more  expensive. 

In  some  quarries  6-inch  holes  are  drilled  100  feet  in  depth,  and 
several  thousand  pounds  of  explosive  is  used  in  a  blast.  The  charges 
usually  extend  to  a  distance  of  30  feet  up  from  the  bottom  of  the 
holes.  It  has  been  found  that  when  one  electric  detonator  is  placed 
in  the  top  of  the  charge  it  will  not  always  produce  a  complete  det- 
onation of  the  entire  charge  in  the  drill  hole;  therefore  two  or  more 
electric  detonators  distributed  throughout  the  charge  are  generally 
used.  When  the  most  violent  effect  is  desired  in  blasting,  the  best 
method  of  placing  electric  detonators  in  a  charge  30  feet  in  length, 
irrespective  of  whether  they  are  connected  in  series  or  parallel,  is  to 
place  one  electric  detonator  5  feet  from  the  bottom  of  the  charge, 
one  5  feet  below  the  top  of  the  charge,  and  one  in  the  center  of  the 
charge.  Assuming  that  the  entire  charge  detonates  at  a  uniform 
rate,  if  the  three  electric  detonators  are  fired  simultaneously  it  can 
readily  be  seen  that  the  duration  of  the  explosive  reaction  will  be 
one-sixth  of  the  time  that  would  be  required  if  one  electric  detonator 
were  used  in  the  top  of  the  charge. 

Tests  were  made  at  the  bureau's  Pittsburgh  testing  station  to 
determine  whether  simultaneous  explosion  would  occur  when  four 
of  the  P.  T.  S.  S.  No.  6  electric  detonators  were  connected  in  series 
and  fired  with  different  sources  of  electric  current.  In  the  tests  in 
which  a  4-hole  firing  machine  of  the  dynamo-electric  type  was 
used,  the  time  interval  that  elapsed  between  the  firing  of  the  first 
and  the  last  electric  detonator  of  each  series  varied  from  0.0004  to 
0.0050  second.  As  it  requires  only  0.0020  second  for  30  feet  of  40 
per  cent  ^straight"  nitroglycerin  dynamite  to  detonate,  it  is  obvious 
that  in  many  cases  the  only  advantage  in  using  more  than  one 
electric  detonator  in  the  same  charge,  when  fired  with  a  4-hole  firing 
macliine,  would  be  to  insure  complete  detonation  of  the  charge.  It 
is  to  be  noted  that  the  time  interval  between  the  firing  of  the  first 
and  the  last  electric  detonator  is  in  some  cases  greater  than  the  time 
required  for  30  feet  of  40  per  cent  dynamite  to  detonate.  When  a 
4-hole  firing  machine  is  used  to  fire  four  electric  detonators  con- 
nected in  series  there  is  not  sufficient  current  generated  to  fuse  the 
platinum  wires  in  the  electric  detonators.  Tlie  wires  are  brought  to 
different  temperatures,  depending  on  their  cross-sectional  area  and, 
accordingly,  the  ignition  of  the  priming  charge  in  the  electric  de- 
tonators is  not  simultaneous,  nor  is  its  burning  or  detonation  uniform. 
These  causes  are  assumed  to  be  responsible  for  the  delay  that  occurs 
in  the  explosion  of  the  electric  detonators. 
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Further  tests  were  made  by  using  a  10-hole  firing  machine,  all 
other  conditions  being  the  samB  as  in  the  previous  tests.  The 
machine  furnished  ample  curr^it  to  fuse  the  platinum  wires  in  the 
electric  detonators  and  they  were  therefore  fired  practically  simul- 
taneously. Hie  time  interval  was  only  0.0001  second.  In  order  to 
obtain  the  benefit  of  simultaneous  blasting  when  two  or  more  electric 
detonators  are  to  be  fired,  the  source  of  electric  current  should  be 
such  as  to  insure  the  instantaneous  fusing  of  all  the  bridges  in  the 
electric  detonators.  This  can  be  best  accomj^shed  in  practical 
op^ations  by  wiring  all  electric  detonators  in  parallel  and  using  a 
light  or  power  circuit  for  firing.  If  a  high-pressure  alternating  cur- 
rent is  the  only  source  of  electricity  available,  it  may  be  necessary 
to  install  a  transformer  in  order  to  obtain  the  proper  pressure  with- 
out injury  to  the  leading  wires.  A  lamp  bank  or  a  short  length  of 
fuse  wire  is  sometimes  placed  in  the  electric  circuit  and  answers  the 
same  purpose,  irrespective  of  the  kind  or  the  pressure  of  the  current 
supplied.  However,  if  a  lamp  bank  or  a  fuse  wire  is  used,  it  should 
have  a  greater  current-carrying  capacity  than  is  necessary  to  fire  all 
of  the  electric  detonators. 

USE  OF  TWO  KINDS  OF  EXPLOSIVES  IN  THE  SAME  DRILL 

HOLE, 

In  certain  quarry  operations  in  the  Middle  West,  owing  to  varia- 
tions in  the  hardness  and  structure  of  the  different  strata,  it  is  neces- 
sary to  use  more  than  one  kind  of  explosive  in  the  same  drill  hole. 
The  part  of  the  drill  hole  that  penetrates  the  hardest  stratum  is 
usually  loaded  with  an  explosive  having  a  high  rate  of  detonation. 
The  remainder  of  the  charge  may  be  an  explosive  having  an  inter- 
mediate rate.  In  some  cases  black  blasting  powder  is  used,  provided 
there  are  no  pronounced  clay  seams  or  other  irregidarities  that 
would  allow  the  gases  evolved  on  the  explosion  of  the  black  blasting 
powder  to  escape  before  the  main  charge  detonated.  In  work  of 
this  kind,  the  holes  are  drilled  vertically  15  to  20  feet  deep,  and 
there  is  always  sufficient  stemming  used  to  insure  the  maximum 
eflFect  of  the  blast,  even  wh^i  the  explosives  used  in  the  same  drill 
hole  detonate  at  different  rates. 

The  practice  of  using  combination  charges  of  explosives  has  been 
recently  adopted  in  some  coal  mines.  TTie  drill  holes  are  usually 
shallow  and,  accordingly,  do  not  permit  the  use  of  sufficient  stem- 
ming properly  to  confine  the  gases  when  they  are  evolved  at  different 
rates.  Under  such  conditions  fires  and  blown-out  shots  are  hkely  to 
result. 

Several  tests  made  at  the  Rttsbuigh  testing  station  to  determine 
the  energy  developed  by  combination  charges  showed  that  there  was 
no  advantage  in  using  them  under  conditions  that  simulated  blasting 
in  coal.     In  some  of  the  tests,  a  No.  6  detonator  (blasting  cap)  was 
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inserted  in  the  charge  of  dynamite^  and  placed  in  the  back  of  the 
bore  hole.  In  front  of  the  detonator  a  charge  of  black  blasting 
powder,  containing  a  black  powder  igniter,  was  placed,  and  the  free 
part  of  the  drill  hole  was  then  well  tamped  with  clay. 

The  results  of  the  tests  made  in  the  ballistic  pendulimi,  using 
combination  charges  of  40  per  cent  "straight"  nitroglycerin  dyna- 
mite and  FFF  black  blasting  powder,  with  and  without  a  No.  6 
detonator  embedded  in  the  explosive,  were  as  follows: 

The  swings  of  the  ballistic  pendulum^  in  those  tests  in  which  the 
detonator  was  used  were  3.42,  3.41,  3.40,  3.41,  3.26,  3.32,  3.01,  3.34, 
and  3.28  inches;  average,  3.32  inches.  In  those  tests  in  which  no 
detonator  was  used  the  swings  were  3.58,  3.30,  3.32,  3.38,  3.24,  3.31, 
3.22,  3.36,  and  3.31  inches;  average,  3.34  inches. 

The  tests  indicated  that  there  is  no  advantage  in  using  an  extra 
detonator  in  the  dynamite,  as  the  explosion  of  the  black  blasting 
powder  is  sufficient  to  cause  complete  detonation.  Many  accidents 
have  occurred  in  coal  mines  where  combination  charges  containing 
detonators  were  used.  When  squibs  are  used  for  firing,  it  is  neces- 
sary to  insert  a  needle  into  the  charge  of  black  blasting  powder,  and 
there  is  always  then  a  possibihty  of  the  needle  coming  in  contact 
with  the  detonator.  * 

The  practice  of  using  combination  charges  in  coal  mines  oflFers  no 
advantage,  and,  as  there  are  many  dangers  attendant  upon  their  use, 
the  practice  should  be  discouraged. 

PUBLICATIONS    ON    MINE   ACCIDENTS    AND    TESTS    OF 

EXPLOSIVES. 

The  following  Bureau  of  Mines  publications  may  be  obtained  free 
by  applying  to  the  Director  Bureau  of  Mines,  Washington,  D.  C: 

Bulletin  10.  The  Use  of  PermiBsible  Explosivee,  by  J.  J.  Rutledge  and  Clarence 
Hall.     1912.     34  pp.,  5  pis. 

Bulletin  15.  Investigationfl  of  Exploeivee  Ueed  in  Coal  Mines,  by  Clarence  Hall, 
W.  O.  Snelling,  and  S.  P.  Howell,  with  a  chapter  on  the  natural  gas  used  at  Pittsburgh, 
by  G.  A.  Burrell,  and  an  introduction  by  C.  E.  Munroe.    1911.    197  pp.,  7  pis. 

Bulletin  17.  A  Primer  on  Explosives  for  Coal  Miners,  by  C.  E.  Munroe  and  Clar- 
ence Hall.    61  pp.,  10  pis.    Reprint  of  United  States  Geological  Survey  Bulletin  423. 

Bulletin  20.  The  ExplosibiUty  of  Coal  Dust,  by  G.  S.  Rice,  witii  chapters  by 
J.  C.  W.  Frazer,  Axel  Larsen,  Frank  Haas,  and  Carl  Scholz.  204  pp.,  14  pis.  Reprint 
of  United  States  Geological  Survey  Bulletin  425. 

Bulletin  44.  First  National  Mine-Safety  Demonstration,  Pittsburgh,  Pa.,  October 
30  and  31,  1911,  by  H.  M.  Wilson  and  A.  H.  Fay,  with  a  chapter  on  the  explosion  at 
tlie  experimental  mine,  by  G.  S.  Rice.     1912.    75  pp.,  7  pis. 

Bulletin  46.  An  Investigation  of  Explosion-Proof  Mine  Motors,  by  H.  H.  Clark. 
1912.    44  pp.,  6  pis. 

Bulletin  48.  The  Selection  of  Explosives  Used  in  Engineering  and  Mining  Opera- 
tions, by  Clarence  Hall  and  S.  P.  Howell.    1913.    50  pp.,  3  pis. 

a  The  ballistic  pendulum  used  by  the  Bureau  of  Mines  is  a  large  mortar  swung  from  a  pivoted  support. 
The  explosive  to  be  tested  is  fired  from  a  small  cannon  into  the  mouth  of  the  mortar,  and  the  swing  of  tho 
mortar  is  taken  as  a  measure  of  the  strength  of  the  explosive. 
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Bulletin  52.  Ignition  of  Mine  Gases  by  the  Filaments  of  Incandescent  Lamps,  by 
H.  H.  Clark  and  L.  C.  Ilsley.    1913.    31  pp.    6  pla. 

Technical  Paper  4.  The  Electrical  Section  of  the  Bureau  of  Mines,  Its  Purpose 
and  Equipment,  by  H.  H.  Clark.    1911.    12  pp. 

Technical  Paper  6.  The  Rate  of  Burning  of  Fuse  as  Influenced  by  Temperature 
and  Pressure,  by  W.  0.  Snelling  and  W.  C.  Cope.    1912.    28  pp. 

Technical  Paper  7.  Investigations  of  Fuse  and  Miners'  Squibs,  by  Clarence  Hall 
and  S.  P.  Howell.     1912.     19  pp. 

Technical  Paper  11.  The  Use  of  Mice  and  Birds  for  Detecting  Carbon  Monoxide 
After  Mine  Fires  and  Explosions,  by  G.  A.  Burrell.     1912.     15  pp. 

Technical  Paper  12.  The  Behavior  of  Nitroglycerin  When  Heated,  by  W.  O. 
Snelling  and  C.  G.  Storm.    1912,     14  pp.,  1  pi. 

Technical  Paper  13.  Gas  Analysis  as  an  Aid  in  Fighting  Mine  Fires,  by  G.  A. 
Burrell  and  F.  M.  Seibert.    1912.    16  pp. 

Technical  Paper  14.  Apparatus  for  Gafi-Anal>'Bis  Laboratories  at  Coal  Mines,  by 
G.  A.  Burrell.     1913.    24  pp.,  7  figs. 

Technical  Paper  17.  The  Effect  of  Stemming  on  the  Efficiency  of  Explosives,  by  " 
W.  O.  Snelling  and  Clarence  Hall.     1912.    20  pp. 

Technical  Paper  18.  Magazines  and  Thaw  Houses  for  Explosives,  by  Clarence 
Hall  and  S.  P.  Howell.    1912.    34  pp.,  1  pi. 

Technical  Paper  19.  The  Factor  of  Safety  in  Mine  Electrical  Installations,  by 
n.  H.  Clark.     1912.     14  pp. 

Technical  Paper  21.  The  Prevention  of  Mine  Explosions;  Report  and  Recom- 
mendations, by  Victor  Wattejoie,  Carl  Meissner,  and  Arthur  Desborough.  12  pp. 
Reprint  of  United  States  Geological  Survey  Bulletin  309. 

Technical  Paper  22.  Electrical  Symbols  for  Mine  Maps,  by  H.  H.  Clark.  1912. 
11  pp.,  8  figs. 

Technical  Paper  23.  Ignition  of  Mine  Gas  by  Miniature  Electric  Lamps,  by 
n.  H.  Clark.    1912.    5  pp. 

Technical  Paper  24.  Mine  Fires,  a  Preliminary  Study,  by  G.  S.  Rice.  1912. 
51pp. 

Technical  Paper  28.  Ignition  of  Mine  Gas  by  Standard  Incandescent  Lamps,  by 
n.  H.  Clark.    1912.    6  pp. 

Technical  Paper  40.  Metal-Mine  Accidents  in  the  United  States  during  the  Cal- 
endar Year  1911,  by  A.  H.  Fay.    1913.    54  pp. 

Technical  Paper  46.  Quarry  Accidents  in  the  United  States  during  the  Calendar 
Year  1911,  compiled  by  A.  H.  Fay.     1913.    32  pp. 

Technical  Paper  48.  Coal-Mine  Accidents  in  the  United  States,  1896-1912,  with 
Monthly  Statistics  for  1912,  by  F.  W.  Horton.     1913.    72  pp. 

Technical  Paper  53.  Proposed  Regulations  for  the  Drilling  of  Gas  and  Oil  Wells, 
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HYDRAULIC  MINE  FILLING;  ITS  USE  IN  THE  PENNSYL- 
VANIA ANTHRACITE  FIELDS. 


By  Charles  Enziax. 


INTRODUCTORY  STATEMENT. 

This  report  is  issued  by  the  Bureau  of  Mines  as  one  of  a  series 
dealing  with  methods  of  increasing  safety  and  efficiency  in  mining 
operations.  It  is  intended  purely  as  a  preliminary  statement  of  the 
present  development  of  hydraulic  mine  filling  as  conducted  in  the 
anthracite  region  of  Pennsylvania.  A  discussion  of  different  methods, 
their  variations  and  modifications,  as  well  as  their  probable  extension 
as  a  result  of  amplified  tests  of  the  various  roof -supporting  materials, 
will  be  presented  in  a  future  bulletin. 

The  history  of  the  development  of  the  anthracite-mining  industry, 
from  the  time  when  the  Indian  tribes  in  the  Wyoming  and  Lacka- 
wanna Valleys  first  discovered  the  existence  of  "stone  coal,"  on 
through  subsequent  events — ^the  purchase  of  lands  containing  enor- 
mous deposits  of  coal  for  insignificant  sums  of  money,  the  develop- 
ment of  the  first  mine,  the  formation  of  the  first  company,  the  build- 
ing of  canals  and  railroads — ^up  to  the  present  time  when  the  industry 
has  become  of  such  tremendous  importance  to  the  prosperity  of  north- 
eastern Pennsylvania  and  of  the  Nation  itself,  is  intersprinkled  with 
romance,  tragedy,  and  pathos. 

The  great  economic  lessons  to  be  learned  from  a  study  of  mining 
operations  in  the  anthracite  region  suggest  to  the  person  interested  in 
the  efficient  utilization  of  natural  resources  the  need  of  applying  such 
methods  as  will  make  possible  the  conservation  to  posterity  of  this 
invaluable  deposit  of  coal  that  has  resulted  from  the  operation  of  the 
processes  of  nature  during  probably  hundreds  of  millions  of  years. 

It  is  the  opinion  of  many  prominent  mining  men  familiar  with 
mining  operations  in  the  United  States  and  abroad  that  under  certain 
conditions  the  most  practical  way  of  preventing  loss  of  unmined  coal 
in  pillars  and  of  protecting  surface  property  from  damage  by  sub- 
sidence is  by  filling  the  workings  with  refuse  material.  This  bulletin 
aims  to  present  a  general  discussion  of  hydraulic  mine  filling,  its 
origin,  development,  and  practicability  in  anthracite  mining. 
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The  fundamental  object  of  this  bulletin  is  to  enlist  the  thoughtful 
cooperation  of  the  entire  mining  fraternity  in  such  methods  of  mining 
as  will  accomplish  the  greatest  good,  by  avoiding  stream  pollution, 
by  conserving  natural  resources,  and  by  reducing  mining  losses  to  a 
minimum.  The  value  of  mine  filling  as  a  roof  support,  whether  for 
surface  protection,  reinforcement  of  pillars,  or  reclamation  of  pillars, 
can  hardly  be  placed  too  highly.  In  fact,  under  certain  geological 
conditions,  particularly  the  occurrence  of  water-bearing  strata  over 
the  coal,  the  maximum  winning  of  coal  practically  can  not  be  eco- 
nomically attained  without  the  use  of  mine  filling. 

TEBMS  USED. 

In  this  discussion  the  author  has  deviated  slightly  from  common 
usage  in  his  choice  of  terms,  believing  some  of  those  that  have  been 
used  in  connection  with  the  process  of  filling  mine  workings  by 
hydraulic  methods  to  be  neither  suitable  nor  descriptive.  Hereto- 
fore the  process  has  been  termed  and  even  at  present  is  known  in 
the  Pennsylvania  anthracite  region  as  "slushing,"  "flushing,"  and 
"silting."  As  a  result  of  various  suggestions  from  men  of  long 
experience  in  this  work,  the  name  "hydraulic  mine  filling"  (filling 
the  mine  with  materials  transported  by  water)  was  adopted  for  use 
in  this  bulletin. 

The  expression  "  physical  conditions,"  as  applied  to  mine  workings, 
refers  particularly  to  the  manner  of  mining,  whether  uniform  or 
irregular;  the  size  of  openings  and  the  size  and  shape  of  pillars; 
the  extent  of  roof  and  coal  falls,  and  the  general  accessibility  of  the 
mine  workings.  The  expression  "geological  conditions"  relates 
particularly  to  the  general  dip  of  the  coal  bed  and  to  local  varia- 
tions of  dip  or  interruptions  of  continuity  from  folds  or  faults. 

The  term  "  pitch  "  as  used  in  this  report  signifies  both  the  inclina- 
tion or  dip  of  a  coal  feed,  and  hence  the  inclination  of  the  workings 
in  the  bed,  and,  as  in  the  expression  "  pitch  workings,"  an  inclination 
of  more  than  a  certain  number  of  degrees. 

A  well-defined  distinction  exists  between  the  terms  "mine  loss," 
"breaker  loss,"  and  "  coal  loss."  Mine  loss  refers  to  such  low-grade 
coal  as  is  rejected  by  the  miner  at  his  working  face  because  in  his 
opinion  it  will  not  meet  with  the  requirements  of  the  rigid  inspec- 
tion in  the  breaker  when  his  coal  is  dumped  from  the  cars  into  the 
chute  leading  to  the  first  picking  chutes,  screens,  or  shaker  bars. 
Breaker  loss  refers  to  such  low-grade  coal  as  is  rejected  during  the 
process  of  breaker  preparation.  Coal  loss  embraces  both  the  mate- 
rial rejected  by  the  miner  at  the  face  and  by  the  inspectors  at  the 
breaker,  and  that  which  is  lost,  mostly  by  breakage,  in  transporta- 
tion, storage,  and  marketing. 


Digitized  by  LjOOQIC 


GROWTH   OF   THE  ANTHRACITE  INDUSTRY.  9 

ACKNOWLEDQMENTS. 

The  author  hereby  acknowledges  the  helpful  cooperation  of  the 
coal  companies  in  tne  anthracite  region  and  of  their  officials  who 
have  extended  so  many  facilities  for  the  collection  of  valuable  data. 
He  also  acknowledges  the  inspiration  drawn  from  the  work  of  Dr. 
J.  A.  Holmes,  Director  of  the  Bureau  of  Mines,  whose  earnest  efforts 
to  promote  scientific  investigations  in  mining  have  inspired  many 
others ;  the  helpful  criticism  of  G.  S.  Rice,  chief  mining  engineer  of 
the  bureau,  whose  observations  on  European  methods  were  of  aid 
in  shaping  the  text ;  and  the  valuable  assistance  of  A.  H.  Fay  and 
Samuel  Sanford,  engineers  of  the  bureau,  in  the  compilation  of  the 
data  presented. 

GROWTH  OF  THE  ANTHRACITE  INDUSTRY. 

William  Griffith*  compiled  a  chronology  of  the  anthracite-mining 
industry  with  great  care,  giving  the  principal  events  in  its  history 
from  the  earliest  times  up  to  and  including  1908.  It  is  particularly 
interesting  to  note  that  the  shipping  of  anthracite  coal  began  in  1776. 
The  chronology  states  further: 

In  1792  Col.  Weiss  and  others  formed  the  Lehigh  Coal  Mine  Co.,  the  first  of 
its  kind  in  the  United  States.  In  1803  this  company  succeeded  in  getting  two 
ark  loads,  about  30  tons,  to  market  at  Philadelphia,  but  no  purchasers  could  be 
found.  City  authorities,  as  an  experiment,  tried  to  bum  it  beneath  the  boiler 
at  the  water  works,  but  "  it  only  served  to  put  the  fire  out,"  and  the  remainder 
of  the  shipment  was  broken  up  and  distributed  over  the  sidewalks  of  the  vicinity 
In  place  of  gravel. 

In  1808  Judge  Jesse  Fell  recorded  the  fact  that  he  had  tried  the 
experiment  "of  burning  the  common  stone  coal  of  the  valley  in  a 
grate  in  a  common  fireplace  in  my  house  and  find  it  will  answer  the 
purpose  of  fuel,  making  a  clearer  and  better  fire  at*  less  expense  than 
burning  wood  in  the  common  way." 

The  Pennsylvania  anthracite  region  is  geographically  divided  into 
four  sections,  generally  known  as  the  northern,  eastern  middle,  west- 
ern middle,  and  southern  fields.  The  coal  shipped  from  the  various 
fields  is  known  under  trade  names  as  follows :  That  from  the  northern 
as  "Wyoming,"  that  from  the  eastern  middle  and  the  eastern  south- 
em  as  "  Lehigh,"  and  that  from  the  western  middle  and  the  western 
southern  as  "  Schuylkill."  The  quantity  ^  of  coal  shipped  from  the 
various  fields  from  1820,  when  the  first  shipment  of  commercial  im- 
portance (365  tons)  was  made  from  the  Lehigh  region,  to  January  1, 
1912,  has  been  as  follows:  Wyoming  region,  959,347,466  tons;  Schuyl- 
kill region,  576,745,104  tons;  Lehigh  region,  283,258,115  tons;  aggre- 

•  1908  Rept.  of  the  Dept.  of  Mines  of  Pennsylvania,  1909,  Pt.  I,  pp.  xxx-xxrv ; 
reprinted  In  the  Scranton  Truth,  issue  of  Feb.  24,  1908. 

»  Parker,  E.  W.,  Mineral  Resources,  U.  S.,  1911 ;  U.  S.  Geol.  Survey,  1911,  pp.  11-12. 
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gating  1,819,350,685  tons.  As  will  be  noted,  the  respective  percent- 
ages of  production  of  the  three  regions  are  53,  32,  and  15.  The  esti- 
mated value  of  the  80,732,013  long  tons  of  anthracite  coal  shipped 
during  1911  was  $174,852,843.  The  entire  quantity  of  anthracite  coal 
thus  far  shipped  to  market  from  these  three  regions,  if  loaded  on  one 
train  of  coal  cars,  would  require  a  train  long  enough  to  encircle  the 
globe  11  times  or  it  would  represent  a  prism  having  a  base  1  mile 
square  and  a  height  of  2,600  feet. 

HISTORICAL.  REVIEW  OF  HYDRAULIC  MINE  FILLING. 

The  first  instance  of  the  application  of  hydraulic  mine  filling  is 
reported  to  have  been  at  a  mine  in  the  Schuylkill  region  in  1884  for 
the  purpose  of  extinguishing  a  mine  fire  at  an  intermediate  level  on 
the  main  haulage  slope.  After  the  failure  of  many  attempts  to  ex- 
tinguish the  fire  by  flooding  the  slope  with  large  quantities  of  water 
sent  down  intermittently,  the  superintendent  conceived  the  idea  of 
running  the  fine  culm  and  coal  dirt  from  the  culm  bank  into  this 
water,  with  the  hope  of  filling  up  and  thereby  sealing  the  affected 
portion  of  the  slope. 

About  1886  and  1887  hydraulic  mine  filling  was  introduced  in  the 
Lehigh  and  Schuylkill  regions  for  the  purpose  of  sealing  off  mine 
fires,  arresting  squeezes,  and  supporting  the  surface.  During  the 
latter  part  of  1890  and  th^  early  part  of  1891  hydraulic  mine  filling 
on  a  more  systematic  and  economical  basis  was  introduced  in  the 
northern  field.*»  This  installation  was  practically  the  first  in  which 
the  filling  material  was  conveyed  to  the  mine  workings  through  a 
pipe  line  laid  from  the  breaker  down  the  shaft  and  into  the  worked- 
out  chambers.  Shortly  after  this  time  a  party  of  foreign  engineers 
visited  Pennsylvania.  The  members  studied  hydraulic  mine  filling 
as  then  practiced  and  after  returning  to  Europe  proceeded  to  adopt 
it.  The  method  has  now  become  highly  developed  in  several  Euro- 
pean coal  fields  and  has  been  described  repeatedly  in  foreign  publi- 
cations. 

In  the  mines  throughout  the  northern  anthracite  field  of  Pennsyl- 
vania hydraulic  mine  filling  has  become  a  part  of  the  regular  scheme 
of  mining  operations,  being  used  particularly  in  areas  in  which  inac- 
cessible mine  fires  exist,  or  where  squeezes  are  active,  or  where  there 
is  danger  from  surface  subsidence,  or  where  it  is  desired  to  reclaim 
coal  pillars.  Mine  filling  was  used  about  1895  to  retard  mine  fires  at 
the  Summit  HilP  and  the  Sioux  collieries.  An  early  (1887)  exam- 
ple of  hydraulic  mine  filling  for  surface  support  is  that  at  the 

•  Davles,  J.  B.,  1897»  Rept.  of  the  Bureau  of  Mines,  Dept.  of  Internal  Affairs  of  Penn- 
sylvania, 1898,  pp.  XXXV-LI ;  also  Pa.  Anth.  Operators'  Assn.,  February,  1898. 

"  Stoek,  H.  H.,  Sealing  off  Summit  Hill  mine  fire ;  Mines  and  Minerals,  Aug.,  1909. 
pp.  1-6. 
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Kohinoor  colliery,  Shenandoah,  Pa.  In  many  mines  throughout 
the  entire  anthracite  region  the  reclamation  of  pillars  is  possible  to 
a  great  extent  because  of  former  hydraulic  filling. 

The  development  of  hydraulic  mine  filling  in  the  anthracite  mines 
was  due  in  a  marked  degree  to  a  serious  problem  confronting  the 
operators— the  proper  dispositicm  of  the  principal  by-product  result- 
ing from  the  mining  and  the  preparation  of  anthracite  coal  for  the 
market.  This  by-product,  generally  called  "  culm,"  consists  of  that 
part  of  the  breaker  product. that  passes  through  the  screens  over 
which  the  smallest  size  of  commercial  product  passes. 

APPMCATIONS  OF  HYDRAULIC  MINE  FILIjING. 

The  filling  of  mine  workings  may  be  said  in  general  to  be  the 
outcome  of  a  desire  to  get  more  merchantable  coal  from  a  given  area 
of  ground.  Like  many  other  useful  innovations,  the  process  origi- 
nated in  an  attempt  to  meet  a  grave  emergency.  The  principal 
applications  of  hydraulic  filling  are  described  below. 

EXTINQUISHINQ  MINE  FIBES. 

The  hydraulic  method  of  mine  filling  is  reported  to  have  been 
^nployed  as  early  as  1884  to  extinguish  a  serious  mine  fire.  The 
fire  originated  in  one  of  the  deep  lifts  or  levels  of  a  haulage  slope 
in  an  anthracite  mine,  and  after  raging  for  several  days  was  making 
its  way  among  timbers  and  fallen  coal  to  higher  levels,  where  its 
extinguishment  by  methods  then  in  use  would  have  been  very  expen- 
sive and  might  have  permanently  ruined  the  mine.  Water  had  been 
turned  down  the  slope  in  flooding  quantities  at  regular  intervals 
with  the  hope  of  checking  and  extinguishing  the  flames.  After  con- 
siderable time  had  been  lost  in  this  manner  with  no  apparent  im- 
provement or  success,  the  idea  of  sending  down  culm  mixed  with 
water  was  conceived  and  applied.  The  intermittent  flooding  with 
water  did  not  fill  up  crevices  and  openings  in  the  debris  and  fallen 
coal  and  rock,  but  after  culm  had  been  flushed  into  the  lower  sec- 
tion of  the  slope  for  some  time  it  filled  the  interstices  of  the  fallen 
material,  thus  excluding  the  air  and  soon  bringing  the  fire  under 
control.  Several  years  later  hydraulic  mine  filling  began  to  be  gen- 
erally employed  for  the  purpose  of  extinguishing  or  smothering 
isolated  mine  fires,  either  by  the  direct  filling  of  the  workings  affected 
or  by  the  construction  of  temporary  or  permanent  barriers.  This 
practice  is  now  common  and  is  termed  "  sealing  off  a  fire  by  the 
hydraulic-filling  method.'' 

The  successful  application  of  the  various  methods  of  extinguishing 
mine  fires  with  large  quantities  of  water,  whether  in  steady  streams, 
in  pulsating  streams,  or  in  flooding  quantities,  or  with  mixtures  of 
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water  and  refuse  material,  depends  to  a  great  extent  on  the  geological 
structure  of  the  coal  bed  and  the  situation  of  the  mine  workings  and 
the  mine  in  relation  to  the  available  supply  of  water  and  "  filler.*' 
At  a  mine  operated  at  a  considerable  distance  from  available  filling 
material  it  may  be  necessary  to  lay  long  pipe  lines  to  a  convenient 
surface  location  and  to  furnish  expensive  motive  power. 

The  filler,  after  having  been  properly  prepared,  must  be  sent  into 
the  mine  through  a  suitable  opening.  At  many  mines  only  bore 
holes  are  practicable.  For  such  mines  the  best  location  of  the  bore  hole 
is  determined  from  examination  of  maps  or  other  available  data ; 
sometimes  from  the  best  recollection  of  old-time  miners.  The  latter 
necessity  arises,  in  the  case  of  old  workings,  because  the  maps  of 
such  workings,  made  at  a  time  when  the  mining  engineer  or  surveyor 
was  seldom  considered  necessary,  are  incomplete  or  unsatisfactory. 

The  filler,  after  passing  down  the  bore  hole,  flows  unconfined  into 
the  inaccessible  workings^  causing  blockages  among  the  caves,  and 
forming  finally  an  effective  permanent  sealing  pillar.  In  some  mines 
this  requires  weeks  of  filling,  and  in  other  mines  blockage  is  com- 
plete in  less  than  a  day.  Under  more  favorable  conditions,  as  in  a 
mine  where  a  fire  may  be  in  progress  in  "  live  "  or  producing  work- 
ings and  where  the  filler  can  be  transported  to  and  deposited  at  pre- 
determined points,  the  burning  section  is  isolated  so  that  the  fire  can 
not  spread  to  adjacent  workings,  and  the  fire  is  allowed  to  bum  to 
extinction  within  the  sealed  area. 

The  fire  may  be  smothered  by  depositing  filler  in  such  a  manner 
as  to  confine  completely  the  burning  district  within  well-defined 
bounds  by  filling  the  openings  so  as  to  exclude  air  and  thus  cause  such 
a  deficiency  of  oxygen  in  the  atmosphere  that  it  will  not  support 
combustion.  This  method  was  used  in  a  Wilkes-Barre  mine  in 
which  a  fire  had  been  in  progress  for  some  years.  The  burning  area 
was  on  an  anticline  and  the  fire  could  not  be  extinguished  by  the 
usual  methods  of  flooding.  Bulkheads  were  constructed  in  the  mine 
workings  at  lower  points,  and  the  open  space  inside  of  the  bulkheads 
was  filled  by  means  of  pipes  which  were  run  either  above  the  bulk- 
heads, along  crosscuts  and  traveling  ways,  or  through  the  bulkheads, 
so  that  they  discharged  some  distance  above  the  bulkheads,  to  insure 
absolutely  air-tight  blockage  at  the  bulkheads. 

ABBESTING  MINE  SQUEEZES. 

The  use  of  hydraulic  filling  for  arresting  mine  squeezes  was 
adopted  many  years  ago  shortly  after  its  introduction  for  the  pur- 
pose of  extinguishing  mine  fires.  In  mine  squeezes  the  attending 
phenomena  are  probably  as  menacing  as  those  of  mine  fires.    The 
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crunching  and  roaring  noises  of  distant  caves  are  alarming  even  to 
the  most  experienced  miner  and  terrify  those  who  live  near  or  over 
the  workings  affected. 

The  first  observed  indications  of  a  squeeze  are  a  slight  chipping  of 
pillars.  The  usual  cause  of  a  squeeze  is  an  excessive  extraction  of 
coal,  too  little  being  left  in  pillars.  The  quantity  of  coal  usually 
extracted  is  determined  almost  entirely  by  local  conditions,  the  physi- 
cal character  of  the  coal,  its  structure,  the  depth  at  which  the  bed  lies, 
the  thickness  of  the  bed,  and  the  method  by  which  it  is  worked.  An 
excellent  discussion  of  the  proper  percentage  of  coal  to  be  removed 
under  stated  conditions  has  been  given  by  Bunting.'* 

When  a  squeeze  has  started  the  retarding  of  its  progress  is  very 
difficult,  especially  if  the  bed  is  inclined.  Pillars  in  inclined  beds 
are  crushed  by  the  vertical  pressure  of  overburden,  and  in  addition 
are  subjected  to  a  side  thrust  through  the  settling  of  the  roof.  To 
stop  a  squeeze,  timber  is  often  placed  in  every  conceivable  form  and 
position,  as  battalions  of  props  and  cogs,  but  when  timber  is  ineffec- 
tive, retreat  is  made  to  a  presumably  safe  distance,  and  part  of  the 
unaffected  territory  ahead  of  the  line  of  danger  has  to  be  sacrificed. 
Bulkheads  are  Erected  and  filler  is  deposited  as  far  as  possible  toward 
the  advance  of  the  squeeze.  It  is  highly  important  that  the  greatest 
possible  quantity  of  filler  of  the  best  quality  be  deposited  in  the 
shortest  possible  time.  In  emergencies  like  these  "  a  minute  in  time 
may  save  the  mine." 

STTPPOBTIN/&  THE  SUBFACE. 

Hydraulic  mine  filling  has  played  an  important  part  and  been 
highly  effective  in  the  prevention  of  surface  subsidence.  The  first 
recorded  application  dates  back  to  1886,  and  the  published  account 
substantiates  the  assertion  that  hydraulic  filling  effectively  avoided 
the  settling  of  a  large  part  of  a  mining  town.  In  this  instance  the 
pillars  in  a  moderately  worked  section  of  the  mine  where  the  dip 
was  steep  began  to  "  run "  and  caused  a  slight  subsidence  of  the 
surface.  In  many  mines  where  coal  has  been  removed  somewhat 
excessively  under  valuable  surface  land  and  structures,  the  openings 
underneath  are  either  partly  filled  with  hydraulic  filler,  or  "  stows  " 
of  mine  rock  are  built  and  the  hydraulic  filler  is  flushed  in  to  fill  the 
voids  or  interstices  in  the  stows.  In  the  Pennsylvania  anthracite 
fields  work  of  this  kind  is  undertaken  by  either  the  surface  owners 
or  the  operators,  according  to  the  provisions  in  the  deed  or  lease 
conveying  the  surface.  Usually  the  operators  perform  the  work,  the 
expense  being  borne  by  them  or  by  the  surface  owner,  as  stipulated. 

•  Buntingr,  Douglas,  Chamber  pillars  in  deep  anthracite  mines :  Trans.  Am.  Inst.  Min. 
Eng.,  yoL  42,  1911,  pp.  236-245* 
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BECLAIMING  PILLABS  AND  INCREASING  YIELD. 

A  use  of  hydraulic  filling  that  is  practical  and  at  the  same  time 
directly  profitable  was  devised  for  the  double  purpose  of  disposing 
of  refuse  and  of  reclaiming  pillars.  The  disposal  of  refuse,  involving 
possible  stream  pollution,  is  discussed  below ;  the  reclamation  of  pil- 
lars pertains  directly  to  the  economical  extraction  of  all  the  coal  in 
favorable  sections  and  also  to  the  unfavorable  geologic  conditions  due 
to  overlying  water-bearing  strata.  This  use  was  introduced  in  the 
northern  anthracite  field  in  1891.*  By  means  of  systematic  filling 
the  pillars  were  made  available  for  extraction  by  the  splitting,  block- 
ing, or  slabbing  methods,  as  the  conditions  required ;  later  by  refilling 
the  rooms  (chambers)  the  maximum  yield  of  coal  was  obtained. 

DISPOSING  OF  SPOIL  BANEB. 

Although  hydraulic  mine  filling  originated  as  a  matter  of  necessity, 
it  was  developed  to  serve  many  different  purposes  in  the  anthracite 
industry.  The  huge  unsightly  spoil  banks,  the  silent  evidences  of 
the  waste  caused  by  an  exacting  market,  began  to  disappear  and  now 
are  the  exception  rather  than  the  rule. 

The  primary  utility  of  hydraulic  mine  filling — disposal  of  waste — 
was  anticipated,  and  from  the  development  and  expansion  of  the 
system  a  most  commendable  change  in  the  appearance  of  the  land- 
scape about  the  collieries  is  being  brought  about.  The  spoil  banks 
are  being  rehandled,  the  marketable  sizes  of  the  coal  are  being 
reclaimed,  and  the  unmarketable  product  called  culm  is  being  hy- 
draulicked  into  the  mine  workings  to  serve  as  a  support  in  place  of 
existing  pillars  when  they  are  reclaimed.  This  disposal  of  refuse 
embodies  also  the  hydraulicking  of  the  breaker  refuse  directly  with 
the  bank  refuse.  In  addition,  in  many  instances,  boiler  ashes  and 
even  refuse  breaker  rock  and  "  slate  "  from  the  breaker  are  crushed 
into  pea  and  smaller  sizes  and  hydraulicked  into  the  old  or  aban- 
doned mine  workings.  These  methods  of  waste  disposal  appeal  to 
landowners  because  they  make  the  valuable  space  occupied  by  useless 
spoil  banks  available  for  colliery  buildings  and  for  habitation,  and 
assist  in  solving  the  problem  of  how  to  provide  space  for  needed 
buildings  in  mining  districts.  Several  thriving  mining  villages  are 
at  present  located  on  ground  previously  occupied  by  spoil  banks. 

LESSENING  STBBAM  POLLUTION. 

Along  with  the  developments  mentioned  came  the  realization  that 
river  flats,  after  periodic  floods,  had  been  subjected  to  the  deposit  of 
enormous  quantities  of  culm  mixed  with  fine  clay,  loam,  and  silt. 

•DavlcB,  J.  B.,  Anth.  Coal  Operators*  Assn..  February,  1908;  also  1897  Kept  of  tlic 
Bureau  of  Miues  of  the  Department  of  Internal  Affairs  of  Pennsylvania,  1898,  p.  XXXV. 
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State  and  local  regulations  were  directed  against  such  conditions, 
and  a  number  of  civil  and  criminal  suits  at  law  hastened  the  in- 
stallation of  filling  systems  whose  operation  has  produced  valuable 
results. 

The  extent  of  stream  pollution  and  of  land  damage  as  a  result  of 
dumping  mine  refuse  along  watercourses  is  often  underestimated, 
but  may  be  realized  by  a  casual  survey  along  rivers  with  tributaries 
among  the  coal  fields.  Almost  every  spring  the  tributaries  over- 
flow their  banks  and  enormous  quantities*  of  culm  and  silt  are 
washed  into  the  rivers,  which  deposit  the  mixture  on  the  lowlands 
or  in  the  channels  down  stream.  Not  only  is  the  transported  mate- 
rial a  source  of  destruction  to  vegetation  and  improvements  along 
the  bottom  lands,  but  the  action  of  the  streams  involves  a  great 
waste  of  natural  resources  as  proven  by  the  fact  that  during  each  of 
the  years  1910  and  1911  over  90,000  tons  of  coal  was  dredged  from 
the  North  Branch  of  Susquehanna  River  several  miles  below  Wilkes- 
Barre,  Pa. 

METHODS  OF  HYDRAtTUC  MINE  FIIiLING  IN  THE 
DIFFERENT  FIELDS. 

Proper  credit  has  been  accorded  the  middle  field  in  which  hy- 
draulic mine  filling  originated.  However,  the  process,  like  many 
others,  was  studied  and  the  methods  were  improved  by  mining  men  in 
other  sections  of  the  anthracite  region.  Similarly,  in  1893  a  party 
of  German  engineers  visited  this  country,  gave  special  study  to  the 
subject,  carried  home  with  them  the  ideas  in  practice,  and  developed 
and  expanded  them  along  the  lines  well  established  in  the  Wyoming 
Basin,  where  the  method  of  hydraulic  mine  filling  had  been  applied 
in  a  practical  and  commercial  way.  In  view  of  the  above  facts,  it 
is  not  altogether  surprising  to  note  that  the  general  application  of 
the  system  in  the  northern  field  is  considerably  more  advanced  than 
in  the  sister  fields.  This  is  mainly  due,  however,  to  the  excep- 
tionally favorable  geological  conditions. 

The  beds  are  much  less  folded  than  in  the  other  anthracite  fields 
and  large  areas  of  the  coal-mine  workings  are  flat.  In  places  fold- 
ing necessitates  chute  and  pitching  workings,  especially  in  the  west- 
ern part  of  the  Wyoming  Basin,  but  their  proportion  is  so  small  in 
comparison  with  the  general  prevalence  of  such  workings  in  the 
middle  and  southern  fields  as  to  be  practically  negligible.  In  many 
localities  where  filling  has  been  practiced  for  a  number  of  years,  the 
benefits  are  being  generally  realized,  and  by  those  who  have  already 
benefited  by  the  system  it  is  being  rapidly  and  efficiently  extended. 

•  Report  of  the  commission  appointed  to  inTestl^te  the  waste  of  coal  mining  with  the 
view  to  the  utilization  of  the  waste,  1803,  pp.  133-134. 
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As  previously  stated,  this  process  originated  in  the  middle  field, 
but  the  extent  of  ground  not  underlain  with  coal,  the  unfavorable 
geological  conditions,  and  the  consequent  greater  mining  cost  did 
not  at  first  necessitate  nor  make  feasible  the  application  of  hydraulic 
mine  filling  to  any  considerable  extent.  In  fact,  hydraulic  mine 
filling  has  not  been  extensively  employed  in  the  middle  field  with  a 
view  to  realizing  greater  ultimate  coal  extraction,  but  has  been 
adopted  locally  for  surface  support,  for  extinguishing  mine  fires, 
and  for  arresting  squeezes.  It. can  not  be  said  that  pillar  coal  is 
being  reclaimed  to  any  appreciable  extent  by  the  use  of  hydraulic 
filling,  but  the  practice  is  being  rapidly  introduced  and  extended. 
Experience  has  taught  the  miners  how  to  overcome  the  disadvan- 
tages of  steep  dips  and  the  enormous  pressures,  from  the  confined 
water  and  filler,  on  the  bulkheads.  Also  many  of  the  recently 
planned  gangways  and  chambers  are  being  started  with  a  view  to 
possible  hydraulic  filling,  and  crosscuts  and  airways  are  being  driven 
in  such  manner  as  to  favor  the  future  use  of  such  filling. 

The  southern  field,  where  this  system  was  early  used  and  where 
it  was  extensively  employed  for  fighting  mine  fires,  has  not  developed 
its  installation  for  economic  purposes  as  rapidly  as  have  the  other 
fields.  However,  its  advantages  and  its  practicable  application  in  the 
middle  field  have  caused  a  renewed  interest  in  its  application  to  the 
steeply  inclined  workings  of  the  southern  field.  Especially  is  its 
application  to  the  so-called  thinner  beds,  ranging  from  4  to  10  feet  in 
thickness,  being  considered.  It  must  be  borne  in  mind  that  in  this 
section,  as  well  as  in  all  other  sections  of  the  anthracite  fields,  tho 
beds  that  were  most  profitable  were  developed  first  and  were  mined 
nearly  to  exhaustion  before  the  thinner  and  impurer  beds  were  opened 
and  developed.  The  later  development  naturally  brought  improve- 
ments in  mining  methods  and  also  modifications  that  were  adapted  to 
the  new  conditions.  Not  so  very  long  ago,  when  most  mining  opera- 
tions were  conducted  in  the  Mammoth  bed,  30  to  50  feet  thick,  a  bed 
only  10  feet  thick  was  considered  unminable. 

MATERIALS  USED  OR  AVAITiABTiE  FOR  HYDRAUIilC 
MINE  FIIililNG. 

CULM. 

The  material  first  used  for  mine  filling  was  that  part  of  the  mined 
product  that  passed  through  the  smallest-sized  screen  used  in  the 
preparation  of  anthracite  for  market  This  fine  material  is  known 
as  culm,  a  word  that  is  said  to  be  derived  from  the  Welsh  term 
"  cwlwm."    The  material  is  sometimes  called  silt. 

The  entire  anthracite  field  has  been  explored  by  operators,  indi- 
vidual engineers,  and  representatives  of  the  Bureau  of  Mines  for 
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material  available  for  filling  mines  by  the  hydraulic  method.  There 
are  several  extensive  glacial-till  deposits  in  the  northern  anthracite 
field,*  but  in  the  middle  and  southern  fields  the  hills  are  mostly 
composed  of  hard  sandstone,  exposed  in  numerous  outcrops,  and 
the  covering  of  soil  is  generally  thin. 

The  quantity  of  culm  available  for  hydraulic  mine  filling  de- 
pends on  various  mining  conditions  which  are  more  or  less  peculiar 
to  the  individual  fields.  In  mining  on  heavy  pitches,  as  in  the 
southern  and  middle  fields,  the  quantity  of  "  dirt  "  and  refuse  brought 
down  from  the  coal  faces  is  enormously  increased  by  the  crushing 
and  sliding  of  the  larger  broken  pieces.  Breakage  in  loading  mine 
cars,  in  transport,  and  in  preparation  at  the  breaker  greatly  in- 
creases the  percentage  of  unmarketable  small  material.  Conse- 
quently the  quantity  of  culm  is  much  larger  in  these  fields  than  in 
the  northern  field,  where  the  beds  do  not  dip  so  steeply  and  where 
less  fine  stuff  and  impure  coal  is  included  in  the  coal  sent  to  the 
breaker. 

In  the  whole  region  the  refuse  impure  coal,  and  the  particles  of 
coal  that  pass  through  the  smallest-size  commercial  screen  in  the 
breaker  are  practically  of  slight  value  for  fuel  on  account  of  a  lack 
of  suitable  furnaces  in  which  to  burn  them. 

In  the  middle  and  the  southern  fields  the  greater  proportion  of  the 
run-of-mine  product  is  loaded  into  the  mine  cars  from  the  chutes  and 
is  taken  to  rock  chutes  or  directly  to  the  breakers,  where  the  whole 
product  is  passed  over  screens,  washed,  and  separated.  In  the  north- 
em  field  the  methods  of  mining  and  preparing  coal  are  somewhat 
different.  The  coal  is  cleaned  at  the  face  by  the  miner  and  is  again 
cleaned  on  the  traveling  tables  and  the  picking  tables  in  the  breakers 
before  it  passes  to  the  crushers  to  be  broken  into  the  smaller  or  com- 
mercial sizes.  The  process  of  breaking  down  this  coal  is  performed 
as  skillfully  as  possible,  and  the  sijiallest  possible  percentage  of  culm 
is  produced.  The  small  sizes  have  some  heating  value,  but  unless 
a  market  is  available  for  them  they  must  be  wasted — either  run 
into  the  mines  or  sent  to  the  spoil  banks.  However,  there  are  few 
surface  spoil  banks  at  the  present  time,  and  hydraulic  filling  is 
being  conducted  systematically  and  applied  wherever  possible.  Thus 
far  culm  alone  has  been  the  chief  material  used  for  hydraulic  filling, 
because  of  uncertainties  as  to  the  source  and  available  supply  of  other 
material,  such  as  sand,  gravel,  loam,  and  clay,  and  because  of  the 
difficulties  of  transportation.  As  a  result  of  the  scientific  investiga- 
tions now  in  progress  relating  to  the  utilization  of  the  finer  sizes 

•  Darton,  N.  H.,  Sand  avaUable  for  filling  mine  workings  in  the  Nortben  Anthracite 
Basin  of  Pennsylyania :  Bull.  45.  Bureau  of  Mines,  1913,  33  pp. 

72171*— Bull.  60—13- — 2 
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for  briquetting  and  firing  under  boilers  by  compressed-air  blowers 
the  culm  may  become  of  commercial  value,  so  that  its  use  for  mine 
filling  may  ultimately  be  discontinued. 

ASHES. 

Although  it  is  considered  a  part  of  the  efiicient  operation  of  an 
anthracite  steam  plant  to  dispose  of  ashes  by  mixing  them  with  culm 
from  the  breakers  and  washeries,  the  idea  of  hydraulicking  this  refuse 
into  the  mines  is  of  comparatively  recent  date.  With  the  thousands 
of  tons  of  coal  consumed  daily  for  steam  purposes  about  a  large 
anthracite  mine,  a  considerable  quantity  of  ashes  is  available  for  use 
as  filler.  These  ashes,  if  properly  mixed  with  the  culm  and  other 
refuse,  make  a  filler  that  is  easy  to  transport  and  becomes  compact  in 
the  mines.  Like  culm,  ashes  will  also  withstand  severe  pressiure; 
their  compressibility  is  comparatively  small,  and  their  utility  as  roof 
support  is  unquestioned. 

Near  large  cities  considerable  material  for  filling  can  be  procured 
by  the  collection  of  ashes  and  the  material  excavated  in  the  ccmstruc- 
tion  of  buildings  and  in  grading  streets.  All  larger  cities  have  sys- 
tems of  collecting  ashes  and  garbage,  and  by  proper  arrangement  the 
ashes  collected  by  a  city  scavenger  may  be  made  available  for  filling 
mine  workings  under  or  near  the  city.  Many  industrial  plants  over 
mines,  particularly  over  old  workings,  can  make  arrangements  to 
hydraulic  the  ashes  from  the  boilers  into  the  mines  by  means  of  bore 
holes  and  pipes  leading  to  predetermined  points.  The  ashes  from 
outlying  industrial  plants  and  from  railroad  engine  houses  might  also 
be  made  available  by  being  transported  in  returning  empty  cars. 

CRUSHED  BREAKER  REPTTSR 

An  appreciable  supply  of  filling  material  may  be  made  available 
by  crushing  breaker  rock,  "  slate,"  and  bone ;  also  clinkers  from  spoil- 
bank  fires.  An  effective  method  of  disposing  of  the  rock  separated 
from  the  coal  dumped  into  the  traveling  tables  or  picking  chutes  is 
to  convey  it  to  gyratory  or  swinging  hammer  crushers,  which  break 
it  down  to  chestnut  size  and  smaller  and  make  possible  its  transpor- 
tation into  the  mines  through  either  troughs  or  pipes.  All  manner  of 
mine  rock,«  except  strata  between  the  different  coal  beds,  can  be 
crushed  and  hydraulicked  into  the  mines. 

In  most  heavy-pitch  mining  all  the  material  is  loaded  into  mine 
cars  as  it  flows  from  the  chutes  and  is  dumped  into  the  picking 
chutes,  where  the  coarse  refuse  is  taken  out  and  sent  to  the  spoil  bank. 
Later  the  installation  of  crushing  facilities  sufficient  to  crush  this 

•  In  the  anthracite  region  the  tenn  "  mine  rock  "  includes  both  top  and  bottom  rock  of 
the  coal  beds  and  the  partings  of  shale  or  "  slate." 
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refuse  and  make  it  available  for  hydraulic  mine  filling  may  be  prac- 
ticable. Although  the  quantity  of  crushed  rock  so  obtained  would 
be  comparatively  small,  the  practicability  of  its  use  has  not  been 
generally  tried  out.  However,  its  use  no  doubt  will  become  more 
extensive,  as  it  has  great  supporting  value,  so  that  the  installation  of 
the  additional  crushing  facilities  is  undoubtedly  a  matter  of  only  a 
short  time. 

As  to  refuse  from  waste-bank  fires,  this  is  available  only  where 
such  fires  have  burned  or  are  still  burning.  Experience  has  taught 
the  futility  of  attempting  to  extinguish  spoil-bank  fires.  The  only 
effective  way  to  overcome  them  is  to  attack  the  pile  by  hydraulic 
methods,  flush  the  burned  material  to  crushers,  and  later  transport 
it  in  similar  manner  into  the  mine  workings. 

SAND,  GBAVEL,  CLAY,  AND  LOAM. 

The  availability  of  sand,*  gravel,  clay,  loam,  and  river  silt  is 
limited  practically  to  the  northern  field.  If  the  various  glacial  till 
deposits  in  the  Wyoming  and  Lackawanna  Valleys  can  be  made 
available  the  problem  of  procuring  material  for  hydraulic  mine 
filling  will  no  doubt  be  considerably  simplified.  Several  attempts 
to  utilize  the  deposits  have  been  made  in  various  sections  of  the  two 
valleys  and  although  it  can  not  be  said  that  the  undertakings  were 
successful,  the  abandonment  of  each  of  the  projects  was  due  more  to 
lack  of  persistent  effort  and  to  crude  methods  than  to  the  engineer- 
ing impossibility  of  the  undertaking.  In  considering  the  installa- 
tion of  hydraulic-filling  equipment,  it  is  necessary  to  consider  the 
source  of  water  supply  as  well  as  the  availability  of  the  material  to 
be  used. 

Clear  sand  is  used  extensively  as  a  mine  filler  in  Upper  Silesia 
(Germany),  but  has  been  used  only  to  a  small  extent  in  the  anthra- 
cite fields.  Medium-size  gravel,  sand,  and  loam  in  moderate  pro- 
portions make  excellent  filler.  Clay  alone  does  not  make  a  good 
filler.  Sandy  loam  may  be  used  by  itself,  but  better  results  are 
obtained  if  it  is  mixed  with  other  material. 

The  most  effective  filler  is  one  in  which  the  finer  constituents  form 
a  cementing  bond  so  that  after  the  removal  of  the  supporting  ribs 
of  coal  the  material  will  be  compact  and  withstand  considerable 
pressure  before  sloughing  to  an  angle  of  more  than  45  degrees. 
When  the  angle  of  repose  of  the  supporting  material  or  filler  is  less 
than  45  degrees,  it  is  necessary  to  build  confines  or  dikes — usually 
called  lagging — so  as  to  retain  the  filler  in  place.  The  filler  must 
also  serve  the  purpose  of  reenforcing  pillars  and  of  filling  small 

•  See  DartoD,  N.  H.,  Sand  available  for  tiUlng  mine  workings  in  the  Northern  Anthracite 
Coal  Basin  of  Pennsylvania :  Bull.  45,  Bureau  of  Mines,  1912,  33  pp.,  8  pis. 


Digitized  by  LjOOQIC 


20  HYDRAULIC   MINE   FILONG  IN  PENNSYLVANIA. 

crevices  in  ribs  that  are  beginning  to  chip  or  are  undergoing  "air 
slack." 

In  the  northern  field  practically  all  the  available  deposits  of  sand- 
gravel,  clay,  and  loam  are  over  the  worked-oat  parts  of  the  mines. 
A  considerable  supply  of  filling  material  may  be  found  in  the  bars  of 
rivers  carrying  fine  culm,  sand,  loam,  and  clay  in  suspension  and 
depositing  those  materials  at  points  that  make  them  available  for 
filling  if  pumping  equipment  or  other  means  of  transportation  is 
installed.  The  materials  may  be  utilized  directly  at  the  place  where 
they  lie  or  at  some  distance  from  it  by  means  of  bore  holes  and  pumps 
of  various  types;  the  intake  of  the  bore  hole  should,  of  course,  be  con- 
siderably above  the  high- water  stage  of  the  river. 

In  the  middle  and  the  southern  fields  the  only  available  material  is 
found  in  hillside  wash  and  the  soil  overlying  the  rock  in  the  coal 
basins.  Much  of  the  rock  is  of  rather  soft  and  friable  texture  and 
might  be  crushed  at  a  low  cost.  The  material  might  be  hydraulicked 
to  either  mine  openings  and  crop  holes  or  to  bore  holes  drilled  for 
the  purpose  of  conducting  it  to  predetermined  points  in  the  workings. 

It  is  possible  that  eventually  the  price  of  coal  and  the  quantity  of 
filling  material  available  will  become  so  adjusted  that  operators  will 
find  an  advantage  in  importing  such  material  in  coal  cars  that  now 
return  empty  to  the  mines.  In  such  event,  suitable  filling  material 
will  no  doubt  be  found  in  practically  inexhaustible  quantities  within 
short  hauling  distances. 

GBANTJLATED  SLAG. 

Although  granulated  slag  is  used  only  in  Europe,  in  the  vicinity 
of  blast  furnaces,  it  has  natural  cementing  qualities,  is  very  strong, 
and  is  seemingly  an  ideal  filling  material.  It  has  not  been  used  in 
this  country  to  any  great  extent,  at  least  not  in  such  quantity  as  to 
show  how  it  compares  in  cheapness  and  efficiency  with  other  materials. 
Along  the  Lehigh  Valley  as  far  east  as  Bethlehem  and  in  the  iron 
and  zinc  ore  belts  of  New  Jersey  large  quantities  of  slag  or  clinker 
are  available. 

CBTTSHED  BOCK. 

Crushed  rock  and  sandstone  other  than  mine  refuse  has  not  been 
used  to  any  appreciable  extent,  and  the  practicability  of  its  use 
is  somewhat  conjectural.  There  are  large  masses  of  rock  within 
comparatively  short  distances  of  many  of  the  mines  and  some  engi- 
neers are  of  the  opinion  that  this  rock  can  be  crushed  and  used  for 
filling  at  such  a  cost  as  to  be  commercially  practicable.  The  method 
of  transportation  is  a  serious  problem  on  account  of  the  distance  the 
material  must  be  moved.    The  railroad  haul  is  practically  too  short 
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to  warrant  the  expense  of  loading  and  unloading  under  present  con- 
ditions, and  yet  the  distance  that  the  material  must  be  moved  is,  as 
a  rule,  too  great  to  make  sluicing  feasible. 

The  cost  of  quarrying  and  crushing  suitable  rock  is  estimated  at 
35  to  75  cents  per  cubic  yard.  This  charge  makes  the  cost  of  crushed 
rock  considerably  in  excess  of  that  of  other  granulated  material,  so 
that  it  is  doubtful  whether  this  material  will  be  much  used  for  filling 
purposes  for  some  time  to  come. 

Attention  is  called  to  the  following  table*  compiled  from  tests  con- 
ducted for  Eli  T.  Connor  and  William  GriflSth  in  connection  with 
their  investigations  of  the  mining  conditions  under  the  city  of  Scran- 
ton,  Pa.  The  tests  were  made  at  the  Fritz  engineering  laboratory  of 
Lehigh  University  under  the  direction  of  Prof.  F.  P.  McKibben  and 
W.  H.  Conklin,  engineer  in  charge  of  the  laboratory. 

•  Griffith,  William,  and  Conner,  E.  T.,  Mining  conditions  ander  the  city  of  Scranton, 
Pa. ;  report  and  maps :  Bull.  25,  Bureau  of  Mines,  1912  p.  55. 
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TRANSPORTATION  OF  FUjI^ER. 


SUBEACE  TBANSPOBTATION. 

The  breaker  or  washery  by-product  that  is  hydraulicked  into  the 
mines  is  that  which  passes  through  the  finest  screens  used  in  pre- 
paring the  commercial  sizes  of  anthracite.  The  openings  in  these 
screens  are  punched  and  vary  from  three  thirty-seconds  to  three 
sixty-fourths  of  an  inch  in  diameter.  To  the  washery  product  the 
waste  from  the  "  chippings  "  elevator  or  scraper  pits  is  added ;  by 
means  of  a  trough  the  mixture  is  conveyed  to  a  ^-inch  screen^  and 
^what  passes  through  enters  the  bore  hole  or  the  receiving  pit. 
Throughout  the  Wyoming  and  Lackawanna  Valleys,  where  the  sur- 
face slopes  are  gentle,  many  of  the  colliery  yards  are  drained  to  this 
same  pit,  which  thus  receives  the  excess  storm  water. 
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Figure  1. — Tjrpes  of  troughs  used  for  surface  transportation  of  mine  filler.  A,  plank 
trough  ;  B,  plank  trough  with  sheet-Iron  lining ;  C,  concrete  trough  ;  D,  cross-soctlon 
on  line  o-d,  and  longitudinal  section  of  terra-cotta  or  cast-iron  trough. 

TROUGHS. 

Where  hydraulic  mine  filling  has  not  yet  been  introduced  the 
refuse  mentioned  is  collected  in  a  hopper  and,  by  means  of  gravity 
lines,  pumps,  or  elevator  and  scraper  lines,  is  conveyed  into  troughs 
or  cars  to  be  delivered  to  the  spoil  or  waste  bank.  The  troughs  are 
constructed  of  (1)  plank  (fig.  1,  A)  or  plank  with  a  sheet-iron  lin- 
ing (fig.  1,  B  and  D),  (2)  terra-cotta  or  cast  iron  (fig.  1,  D),  or 
concrete  (fig.  1,  C). 

Sheet-iron  lined  plank  trouqhs, — The  sheet-iron  lining  is  gener- 
ally bent  so  as  to  form  a  semicircle   (fig.  1,  D)  or  a  half  hexigon 


Digitized  by  LjOOQIC 


24  HYDBAULIC   MINE   FILLING  IN   PENNSYLVANIA: 

(fig.  1,  B),  and  is  placed  in  the  plank  trough  in  lapping  or  flowing 
joints.  Such  sheet-iron  lining  is  used  only  where  the  inclination  of 
the  troughs  is  less  than  one-half  inch  to  the  foot. 

Terra-cotta  troughs, — Either  round  or  half-round  terra  cotta  is 
also  used  and  may  be  held  in  place  by  either  boards  or  concrete. 
When  held  in  place  by  boards,  a  rectangular  form  is  constructed 
and  is  partly  filled  with  culm  or  ashes,  so  as  to  form  a  bedding  for 
the  terra  cotta  (fig.  1,  D).  Oakum  and  cement  mortar  are  used  to 
form  the  joints. 

Concrete  troughs. — Concrete  troughs  (fig.  1,  C)  are  constructed  in 
various  forms  and  sizes.  The  concrete  is  made  of  1  part  cement,  3 
parts  sand,  and  5  parts  crushed  stone.  Broken  "slate"  and  rock 
from  the  breaker  make  a  satisfactory  substitute  for  the  crushed 
stone,  as  their  resistance  to  wear  is  very  nearly  that  of  the  matrix. 
The  concrete  is  molded  by  the  use  of  either  a  V-shaped  wooden 
trough  or  a  round  pipe  embedded  in  it  and  removed  before  the  final 
set  begins.  Whenever  large  troughs  requiring  large  quantities  of 
concrete  are  built,  large  pieces  of  uncrushed  mine  rock  are  embedded 
in  the  concrete. 

MECHANICAL  CONVEYERS. 

The  mechanical  devices  in  use  for  the  transportation  of  material 
on  the  surface  consist  of  (1)  elevators,  (2)  scraper  lines,  (3)  pumps, 
and  (4)  dump  cars.  In  addition,  gravity  planes  may  be  used  where 
surface  features  are  favorable,  and  aerial  tramways  where  the  sur- 
face is  rough  and  broken. 

Elevators. — ^The  elevators  consist  of  ordinary  sprocket  links  to 
which  at  intervals  of  about  6  feet  are  fastened  perforated  buckets 
large  enough  to  handle  the  material  as  it  is  deposited  in  a  hopper  at 
the  foot  of  the  elevator  line.  The  plane  of  the  elevator  is  inclined 
at  an  angle  of  about  70  degrees.  The  length  depends  entirely  upon 
the  height  required  to  furnish  sulBScient  grade  for  the  material  to 
flow  through  sheet-iron  pipes  or  terra-cotta  troughs  to  the  spoil 
bank,  to  the  bore  holes,  or  to  cars. 

Scraper  lines. — Scraper  lines  are  used  to  convey  the  waste  culm 
or  refuse  over  a  considerable  distance  from  a  common  collecting 
point  to  the  spoil  banks  or  to  bore  holes.  The  distance  as  a  nile 
does  not  exceed  1,000  feet.  Scraper  lines  are  intended  mainly  for 
horizontal  transportation,  whereas  elevators  are  used  for  vertical 
transfer.  At  many  mines  the  distance  from  the  source  of  the  refuse 
used  to  the  point  of  entrance  to  the  mine  is  too  great  for  scraper- 
line  transportation,  and  pumps  are  used. 

Pv/mps. — ^The  ordinary  piston  or  centrifugal  pump  has  been  found 
to  give  the  best  service  in  handling  the  refuse  if  the  material  is  mixed 
with  proper  proportions  of  water  (seldom  in  less  proportion  than  10 
parts  water  to  1  part  filler).    It  is  good  practice  to  use  pipe  of  the 
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smallest  practicable  diameter,  thus  avoiding  the  possibility  of  cross 
currents  or  eddies,  which  are  apt  to  cause  frequent  blocking  of  the 
pipe.  Cast-iron  pipe,  with  either  bell-and-spigot  or  flange  joints, 
gives  excellent  service.  After  installation  the  pipe  should  be  turned 
at  stated  intervals  so  as  to  obtain  the  maximum  wear  of  the  full  inside 
surface. 

Dump  cars. — Dump  cars  rmi  on  small  spurs  of  narrow-gage  track 
are  employed  to  bring  ashes  from  the  boiler  plant,  which  is  generally 
at  some  distance  from  the  breakers,  to  the  point  of  common  collection, 
either  at  the  breaker  or  at  the  bore  hole.  Both  steam  and  compressed 
air  have  been  used  to  force  boiler  ashes  or  breaker  refuse  through 
short  lines  of  pipe  and  have  proved  effective  for  the  purpose. 

INTEBMEDIATE  TBANSFOBTATION. 

Intermediate  transportation  is  accomplished  through  shafts,  bore 
holes,  slopes,  crop  falls,  and  cave  holes. 

SHAFTS. 

A  shaft  may  be  used  to  contain  a  pipe  line  that  runs  to  the  lower 
workings;  or  if  the  shaft  is  not  used  for  hoisting  or  ventilating  pur- 
poses, the  filler  may  be  run  into  the  shaft,  no  pipe  being  employed,  and 
may  be  allowed  to  find  its  way  by  natural  flow  into  the  lower  parts 
of  the  workings.  The  use  of  the  shaft  without  a  pipe  line  is  unsys- 
tematic; and  unless  the  shaft  is  shallow,  the  bed  rather  steeply 
inclined,  and  the  workings  not  very  extensive,  the  practice  should  be 
discouraged. 

The  modem  and  more  systematic  method  of  procedure  is  to  place  a 
pipe  line  in  the  shaft  (fig.  2,  A).  This  is  joined  by  proper  connec- 
tions (fig.  2,  E)  to  an  interior  pipe  line,  through  which  the  material 
is  conveyed  to  any  desired  point.  The  pipe  generally  is  made  of 
wood,  terra  cotta,  steel,  wrought  iron,  or  cast  iron.  The  shaft  line  is 
securely  fastened  to  the  shaft  timbering  by  means  of  clamps  and  bolts, 
so  that  repairs  or  necessary  changes  can  readily  be  made. 

Care  is  taken  to  have  at  frequent  intervals  proper  connections  to 
make  possible  the  taking  apart  of  the  line  without  suspending  its 
entire  length.  The  clamps  are  so  constructed  that  they  snugly  fit  the 
outside  of  the  pipe  and  are  placed  so  as  not  to  interfere  with  taking 
apart  or  assembling  the  various  forms  of  joints.  It  may  not  be  neces- 
sary to  place  special  timbers  in  any  shaft,  so  that  the  clamps  may  be 
bolted  directly  to  the  buntons  or  wall  plates  (fig.  2,  B,  C,  and  D). 

BORE  HOL£S. 

Bore-hole  transportation  is  the  method  most  commonly  used,  but 
it  involves  several  important  details.     The  first  consideration  is  the 
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selection  of  a  practicable  location.  At  many  mines  the  bore  hole  can 
be  driven  to  the  point  most  desirable  in  the  mine,  and  connection  with 
the  bore  hole  at  that  point  may  be  established  by  driving  a  special 
opening  to  receive  the  line  from  the  surface.  The  surface  location 
of  the  top  of  the  bore  hole  is  usually  fixed  by  reference  to  the  topog- 
raphy of  the  ground  about  the  breaker  or  by  some  particular  geologi- 
cal feature  of  the  mine  workings. 


USE  OF  LINING  PIPE. 


The  bore  holes  are  drilled  by  means  of  drilling  rigs  of  standard 
reciprocating  type,  the  method  of  drilling  being  in  general  similar 
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FiGDBB  2. — Methods  of  pipe  arrangement  In  Intermediate  transportation.  \,  Bectional 
view  of  pipe  line  In  shaft;  B,  detail  of  clamping  at  o;  C,  detail  of  clamping  between 
couplings  at  b,  front  and  side  elevations ;  D,  detail  of  clamping  at  couplings  at  h,  front 
and  side  elevations ;  E,  detail  of  foot  elbow  for  filUng-pipe  standard  at  c. 

to  that  used  in  drilling  wells  into  hard  rock.  The  diameter  is  fixed 
by  the  quantity  of  filler  that  is  to  be  handled.  In  order  to  preserve 
and  maintain  the  hole,  the  drive  pipe,  from  surface  to  hard  rock,  is 
protected  by  means  of  a  lining  pipe  (fig.  3,  B,  C,  and  D),  which  may 
be  of  metal  or  specially  vitrified  terra-cotta.  Metal  lining  pipe  should 
be  nonmalleable  and  so  placed  that  it  can  easily  be  broken  into  small 
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Figure  3. — Methods  of  pipe  arrangement  in  intermediate  transportation  of  filler.  A, 
^neral  cross-sectional  view ;  B,  terra-cotta  bore-hole  lining  with  bell-and-spigot  Joint ; 
C,  straight  cyliQdrical  metal  or  terra-cotta  bore-hole  lining ;  D,  method  of  placing  bore- 
hole lining ;  E,  detail  at  h,  showing  arrangement  of  rock  nozzle ;  F,  detail  at  b,  showing 
alternate  arrangement  of  rock  nozzle ;  G,  detail  of  arrangement  of  parts  at  a;  H,  detail 
of  arrangement  of  parts  at  c;  I,  detail  of  alternate  arrangement  of  parts  at  c. 
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pieces  and  removed  if  it  wears  out.  It  may  be  constructed  with 
special  lock  flanges  or  with  ordinary  bell-and-spigot  ends.  On  ac- 
count of  the  large  diameter  of  hole  required  for  standard  flange 
joints,  such  joints  are  impracticable.  Ordinary  bell-and-spigot 
joints  are  packed  with  oakum  and  cement  mortar  as  the  pipe  is  lo#v- 
ered  into  the  hole.  The  terra-cotta  lining  is  either  of  the  plain 
cylindrical  type  or  of  the  bell-and-spigot  type. 

In  using  the  plain  cylindrical  terra-cotta  pipe  the  lengths  are  joined 
by  means  of  a  triple  thickness  of  burlap  wrapping  extending  about 

9  inches  on  either  side  of  a  joint.  The  wrapping  is  stiffened  with  2 
by  i  by  18  inch  wooden  strips  firmly  held  in  place  by  bands  of  No. 

10  galvanized  wire.  The  three  types  of  lining  described  above  re- 
quire rock  nozzles  (fig.  3,  E  and  F). 

The  method  of  inserting  the  pipe  in  the  bore  hole  is  briefly  as 
follows :  From  a  tripod,  or  the  rocker  arm  of  the  drilling  machine, 
a  single-sheave  pulley  is  suspended.  Through  the  pulley  is  passed 
a  hemp  rope  of  sufficient  strength  to  support  the  full  length  of  lining 
pipe.  To  the  end  of  the  rope  a  clamp  is  attached  above  a  knot  in  the 
rope.  The  clamp  supports  a  circular  plate  of  a  diameter  1  inch  less 
than  that  of  the  hole  in  the  rock.  This  plate  supports  the  cast-iron 
rock  nozzle  or  shoe,  which  in  turn  supports  the  lining  pipe.  About 
3  feet  above  the  ground  another  clamp  is  placed  on  the  rope.  The 
rope  is  paid  out  on  the  ground  the  full  length.  Two  lengths  of 
terra-cotta  lining  pipe  are  passed  over  the  rope  and  the  pulley  is 
hung  from  the  tripod  or  the  walking  beam  of  the  drilling  machine, 
care  having  been  taken  to  pass  the  pulley  through  the  lengths  of 
pipe  so  that  its  position  is  between  the  bottom  clamp  and  the  loose 
end  of  the  rope.  The  loose  end  of  the  rope  is  then  passed  around 
the  drum  of  the  drilling  engine  three  or  four  turns  and  the  slack 
taken  up.  This  brings  the  lining  pipe  in  a  vertical  position  over  the 
hole. 

The  joints  are  then  packed  with  oakum  and  cement  mortar,  and  the 
pipe  is  lowered  into  the  hole  until  its  upper  end  is  nearly  flush  with 
the  top  of  the  drive  pipe.  The  rope  is  clamped  and  held  in  position 
by  the  lower  attachment,  the  block  is  taken  down,  the  rope  is  paid 
out  on  the  ground  as  previously,  and  two  more  lengths  of  pipe  are 
strung  on.  The  block  is  again  attached  to  its  hangings,  the  slack  of 
the  rope  is  taken  up  by  means  of  three  or  four  turns  on  the  engine 
drum,  the  whole  string  is  lifted  so  that  the  clamp  can  be  removed  and 
the  additional  pipe  connected  to  the  two  lengths  already  placed,  and 
the  joints  are  packed,  the  pipe  lowered  into  the  hole,  and  the  ro|>e 
clamped  as  before.  This  process  is  repeated  until  the  entire  lining 
has  been  inserted.  The  space  between  the  outside  of  the  lining  pipe 
and  the  inside  of  the  drive  pipe  is  then  filled  with  cement  grouting. 
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Wh«n  ordinary  screw-sleeve  gas-pipe  lining  is  used,  it  is  lowered 
into  the  rock  for  several  feet  in  order  to  insure  perfect  discharge  and 
the  protection  of  the  rock  joint  and  the  drive  pipe.  Such  lining  pipe 
is  suspended  by  means,  of  clamps  over  the  receiving  basin,  usually  of 
concrete,  and  is  protected  by  means  of  a  screen  similar  to  that  shown 
in  figure  3,  G.  At  the  bottom  or  foot  of  the  bore  hole,  either  a 
special  cast  connecting  piece,  as  shown  in  figure  2,  E,  or  figure  3,  H, 
or  a  short  piece  of  wrought-iron  pipe  fitted  with  a  screw  flange  is 
inserted  up  the  hole  for  2  or  3  feet  (fig.  3, 1).  The  space  between  the 
outside  of  the  connecting  piece  and  the  wall  of  the  bore  hole,  after 
having  been  packed  with  hemp,  wedges,  or  burlap,  is  filled  with  a 
grouting  mixture  of  proper  consistency. 

BLOCKING  OF  BOBE  HOLES. 

A  serious  source  of  trouble,  and  in  many  instances  of  prolonged 
delays,  has  been  carelessness  on  the  part  of  the  person  in  charge 
of  the  intermediate  transportation,  usually  manifested  either  by 
poorly  regulated  water  supply  or  by  large  pieces  of  filler  being 
allowed  to  pass  the  top  screen.  If  through  such  carelessness  the  hole 
is  blocked,  reopening  may  entail  considerable  expense.  To  lessen  the 
delay  it  has  been  found  expedient  to  have  ready  for  insertion  at  any 
time  a  water  pipe  an  inch  or  an  inch  and  a  half  in  diameter  with  a 
steel  point  and  a  series  of  holes  extending  2  or  3  feet  above  the  point. 
When  the  bore  hole  becomes  blocked,  the  foot  elbow  is  removed,  the 
pointed  pipe  is  inserted,  and  water  under  high  pressure  is  turned  into 
it.  The  water  thoroughly  saturates  the  filler  and  causes  it  to  pass  off 
at  the  bottom. 

Another  method  of  reopening  is  to  attach  short  lengths  of  1-inch 
to  2-inch  pipe,  connect  these  to  a  mine  column  line,  and  force  water 
up  into  the  hole,  thus  washing  out  the  material.  In  case  it  is 
impractical  to  arrange  for  reopening  by  water  jet  from  below,  the 
use  of  a  long  pointed  iron  rod,  about  2  to  3  inches  in  diameter,  raised 
and  dropped  from  the  surface  by  means  of  a  windlass,  has  sometimos 
been  found  effective,  but  in  general  this  is  bad  practice  and  should 
be  discouraged.  Where  the  influx  of  filler  and  water  is  irregular  it 
may  be  expedient  to  turn  a  small  supply  of  water,  say  a  l^-inch 
pipe  running  full,  from  an  independent  source  into  the  receiving 
hopper  at  the  surface. 

BELINING   BOBE   HOLES. 

It  frequently  becomes  necessary  to  change  the  lining  of  the  bore 
hole  because  of  unequal  erosion;  the  drive  pipe  is  sometimes  de- 
stroyed in  sections,  and  surface  water  and  sand  or  gravel  flow  into 
the  hole  and  cause  serious  expense  or  the  blocking  of  the  hole.  In 
many  such  cases  it  has  been  necessary  to  drive  a  pipe  over  the  origi- 
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nal  drive  pipe  and  remove  the  damaged  drive  pipe  by  means  of 
a  chopping  bit.  This  procedure  is,  of  course,  very  slow  and  expen- 
sive ;  and  if  the  mine  is  being  damaged  by  water  or  sand  flowing  in 
through  the  abandoned  bore  hole,  it  is  cheaper  to  drill  a  new  hole 
and  fill  the  old  one  with  concrete.  If,  however,  the  lining  only  is 
affected,  which  may  be  readily  discovered  by  observing  the  nature 
of  the  filler  deposited,  the  operation  of  reopening  is  simple  if  the 
lining  consists  of  earthen  pipe  or  nonmalleable  iron  pipe.  An  ordi- 
nary drilling  rig  and  a  chopping  bit  are  employed,  and  all  the  broken 
material,  such  as  lining  and  cement  grouting,  is  lifted  from  the  hole 
with  a  sand  pump.  A  new  lining,  with  its  accessories,  is  then  placed 
in  the  same  manner  as  was  the  original  lining. 

If  a  loose,  uncemented  metal  lining  pipe  is  used,  it  may  readily 
be  withdrawn  from  the  hole  by  means  of  tripod,  block  and  tackle, 
and  windlass.  It  is,  however,  highly  important  that  the  practica- 
bility of  having  duplicate  holes  be  kept  in  mind.  A  second  hole 
should  be  provided  wherever  possible,  and  in  order  to  insure  the 
proper  operation  of  both  holes  the  fiUing  material  should  be  run 
through  each  on  alternate  days. 

With  few  exceptions  it  is  more  economical  to  drill  a  new  bore  hole 
when  the  lining  wears  out  This  is  particularly  true  if  the  metal 
lining  extends  through  the  rock  and  into  the  mine,  as  was  the  old 
custom,  or  if  the  lining  is  grouted. 

SLOPES. 

If  the  hydraulic  filling  is  to  enter  the  mine  by  means  of  a  slope, 
a  pipe  is  placed  with  appropriate  facilities  for  anchorage.  Anchor- 
age may  be  accomplished  by  the  use  of  mud  sills  {a,  fig.  4)  to  which 
the  pipes  are  fastened  by  means  of  clamps  and  rag  spikes,  or  by  rag- 
spiking  the  clamps  directly  to  props  set  for  this  purpose  (&,  fig.  4), 
also  by  suspending  the  pipe  line  by  a  chain  with  one  lap  around  the 
pipe  and  fastened  to  the  roof  or  the  props.  On  account  of  the  great 
expense  entailed  in  placing  the  pipe,  it  is  economical  to  use  for  this 
purpose  wood-lined  pipe  in  sections  having  cast-iron  flanges  held 
together  with  bolts,  eight  or  more  in  number,  depending  on  the 
pressure  in  the  line. 

CAVE  HOLES. 

In  places  the  surface  subsides  very  slowly  over  old  abandoned  mine 
workings,  especially  where  the  beds  are  thick  and  the  pillars  left 
have  been  too  small ;  eventually  over  such  mine  workings  cave  holes 
appear  which  are  often  a  nuisance  as  well  as  a  possible  cause  of 
injury  to  unsuspecting  trespassers.  In  order  to  close  such  unsightly 
and  dangerous  holes,  filling  material  is  delivered  to  them  and  allowed 


Digitized  by  LjOOQIC 


TBANSPOBTATION   OF  FILLER. 


81 


to  enter  the  workings  and  fill  as  many  of  the  openings  as  the  incli- 
nation of  the  workings  and  the  passageways  available  will  permit. 
When  the  cave  holes  are  filled  to  the  former  level  of  the  ground,  the 
danger  to  either  life  or  property  is  of  course  removed. 

UNDEBGBOUND  TBANSFOBTATION. 

The  method  of  conducting  filler  from  the  receiving  point  to  the 
openings  to  be  filled  requires  careful  study  and  intimate  knowledge 
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FiouBB  4. — Methods  of  pipe  arrangement  in  intermediate  transportation  (slopei). 

of  the  physical  features  of  the  mine.  It  is  obvious  that  a  flat  mine 
oflFers  considerably  greater  difficulties  than  one  working  moderately 
inclined  beds  and  much  less  than  one  working  heavy-pitching  beds. 
The  various  methods  that  may  be  used,  from  the  cheapest,  although 
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probably  not  the  most  economical,  to  the  most  systematic  and  there- 
fore the  most  expensive  method,  are  here  presented. 


UNCX)NF1NED  FLOW. 

When  the  filling  material  is  discharged  into  the  mine  freely,  as 
from  a  shaft  or  bore  hole,  there  must  be  sufficient  inclination  below 
the  point  of  discharge  to  cause  a  current  that  will  hold  the  material 
in  suspension.  Consequently,  in  horizontal  or  flat  beds  the  moving 
of  filler  by  unconfined  flow  is  impracticable.  In  beds  with  an  incli- 
nation greater  than  10°  transportation  by  unconfined  flow  is 
practicable  if  the  material  is  not  to  be  delii^ered  at  too  great  a  dis- 
tance from  the  point  of  influx.    By  some  care  in  planning,  or  under 
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FIOURB  5. — Types  of  troughs  and  channel  for  underground  transportation. 

the  supervision  of  a  careful  miner,  a  dirt  ditch  or  channel  (fig.  5,  E) 
may  be  washed  out  and  the  filler  conducted  satisfactorily  into  the 
openings  to  be  filled.  Great  pains,  however,  should  be  taken  to  main- 
tain the  channel  in  such  condition  that  it  will  not  become  blocked 
or  dammed,  thus  avoiding  a  source  of  considerable  expense  and  dam- 
age. Such  damming  renders  filling  by  unconfined  flow  dangerous 
when  practiced  in  sections  of  higher  elevation  than  those  in  which 
men  are  employed.  In  one  instance  a  dam  was  formed  by  a  partial 
obstruction  in  the  channel.  The  slow  seepage  of  the  bearing  water 
permitted  a  large  quantity  of  material  to  accumulate,  and  eventually 
the  accumulation  started  and  rushed  down  the  lower  workings,  into 
a  section  that  was  to  be  filled,  with  such  force  as  to  destroy  the  bulk- 
heads and  fill  up  traveling  ways  and  air  courses. 
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TROUGHS. 

Where  the  inclination  of  the  coal  bed  is  between  5®  and  10®, 
troughs  lined  with  sheet  iron  (fig.  5,  C),  terra-cotta  (fig.  5,  D),  or 
even  unlined  (fig.  5,  A  and  B),  are  used  to  convey  the  filler  from  the 
bore  hole  or  shaft  to  the  opening  prepared  for  it.  A  considerable 
saving  in  the  construction  of  troughs  can  be  eflfected  by  the  use  of 
sheet-iron  pans  (fig.  5,  C).  The  sheet  iron  is  bent  in  such  a  manner 
as  to  form  a  semicircular  or  semihexagonal  section,  and  by  placing  the 
sheet-iron  lengths  in  lapping  joints  the  filler  can  be  conducted  directly 
to  the  desired  point,  the  cost  of  constructing  and  removing  wooden 
troughs  being  thus  saved. 

PIPE   LINES. 

In  horizontal  or  ascending  workings  it  is  necessary  to  employ  pipes 
of  wood,  steel,  wrought  iron,  cast  iron,  terra-cotta,  porcelain-lined,  or 
glass. 

WOOD-STAVE  PIPES. 

Wood-stave  pipes  are  probably  the  type  most  extensively  used.  The 
staves,  of  the  regulation  tongue-and-groove  type  (fig.  6,  A),  are  made 
of  hard  wood,  such  as  oak,  ash,  or  maple,  and  form  a  pipe  that  is  eco- 
nomical and  highly  serviceable.  It  is  spirally  wound  with  galvanized 
wire  or  steel  bands  and  is  given  a  protective  coating  of  tar,  sprinkled 
with  "  granolithic  "  sand,  slag,  or  sawdust.  The  wire  winding  proves 
most  serviceable,  as  the  area  subject  to  the  attack  of  acid  water  is  mini- 
mized, yet  the  wire  forms  a  strong  protection.  Connection  of  the 
lengths  of  pipe  is  made  by  the  usual  male  and  female  ends  (fig.  6,  B)i 
This  form  of  connection  does  not  permit  easy  and  relatively  cheap 
cleaning  of  a  line  in  case  of  blockage,  nor  does  it  permit  the  introduc- 
tion of  elbows,  bends,  tees,  or  valves.  To  overcome  this  objection  cast- 
iron  or  wrought-iron  flange  connections  are  inserted  into  the  line  (fig. 

6,  C).  These  necessitate  the  use  of  short  pieces  of  pipe  with  two  male 
ends  (fig.  6,  D) ,  as  the  cast-iron  or  wrought-iron  flange  connections  are 
usually  constructed  for  male  connections.  The  flange  connections  are 
easily  discoimected,  so  that  in  case  of  blockage  the  lengths  of  pipe  can 
be  rolled  out  of  line  and  cleaned.  One  of  the  greatest  advantages  of 
the  flange-connecting  pieces  is  that  they  permit  easy  and  inexpensive 
turning,  so  that  the  maximum  serv^ice  is  obtained  from  the  pipe. 

STEEL   AND    WBOUGHT-IRON   PIPES. 

Where  the  working  pressure  or  water  hammer  on  a  pipe  line  is 
liable  to  exceed  100  pounds  per  square  inch,  steel,  cast-iron,  or 
wrought-iron  pipes  are  used.  Connections  are  effected  by  either  screw 
or  flange  joints  (fig.  7,  A  and  C)  or  by  plain  sleeve  couplings  (fig. 

7,  B).    The  sleeve  of  the  plain  sleeve  coupling  is  packed  with  oakum^ 

72171**— Bun.  eO— 13 3 


Digitized  by  LjOOQIC 


84 


HYOBAULIC   MINE  FILLING  IN   PENNSYLVANIA. 


ill 


Digitized  by  LjOOQIC 


I 

i 

I 

■H 


o  « 


Is 

^1 


2- 


i— ^- 


d 


Q.  n 
5d 


g  A 


P    -O 


V 
^ 


Digitized  by  LjOOQ  iC 


36  HYDRAULIC   MINE  FILLING  IN   PENNSYLVANIA. 

burlap,  or  strands  of  old  or  discarded  hemp  rope,  and  white-pine, 
hemlock,  or  other  soft-wood  wedges  are  driven  sufficiently  close  to 
each  other  to  make  the  joint  water  tight.  When  water  and  filler  are 
first  turned  into  the  pipe  there  is  considerable  leakage,  but  the  oakum 
or  other  packing  becomes  filled  with  silt  and  in  a  short  time  the  joint 
becomes  water  tight.  This  type  of  pipe  is  popular  on  account  of  its 
low  price  and  wide  range  of  application. 

The  flange-joint  pipe  offers  advantages  somewhat  similar  to  those 
of  the  plain  pipe  except  that  flange  joints  are  not  as  easily  kept 
tight  and  are  not  adaptable  to  irregular  alignment  Obvioudy,  the 
cost  of  such  pipe  is  considerably  greater  than  that  of  the  pl§in  pipe. 

CABT-IBON    PIPES. 

Where  lines  are  installed  with  the  probability  of  remaining  in  one 
place  for  a  considerable  period,  especially  those  along  traveling  ways 
or  air  courses  that  are  constantly  under  inspecti(Hi,  castriron  pipe 
(fig.  7j  D)  is  extensively  used. 

This  pipe  possesses  the  advantage  of  wearing  with  a  continuously 
smooth  surface  and  offering  little  resistance  to  the  flow  of  the  filler. 
The  types  of  connections  most  extensively  used  are  the  flange  and 
the  bell-and-spigot.  The  bell-and-spigot  connection  is  used  more 
frequently  for  filler  pipe,  whereas  the  flange  connection  is  used 
almost  exclusively  for  pump-column  lines.  The  bell-and-spigot  con- 
nection is  made  tight  by  the  use  of  oakum  packing  or  short  pieces  of 
old  hemp  rope,  and  is  firmly  secured  with  white-pine  or  other  soft- 
wood wedges. 

The  abrasion  of  the  filler  keeps  the  inside  of  the  pipe  smooth  at  all 
times,  so  that  the  frictional  resistance,  it  is  claimed,  is  considerably 
less  than  in  wooden  pipe.  The  feature  of  cast-iron  pipe  that  gives 
it  wide  adaptability  is  its  being  made  in  12-foot  lengths,  which,  al- 
though necessitating  the  expense  of  frequent  connections,  afford 
physical  advantages,  such  as  the  possibility  of  irregular  alignment, 
that  are  not  obtainable  with  other  metal  pipes,  which  are  made  in 
longer  lengths,  usually  about  20-foot.  The  life  of  cast-iron  pipe  is 
about  twice  that  of  wooden  pipe  and  about  six  times  that  of  st«el  or 
wrought-iron  pipe. 

Wood-lined  cast-iron  pipe  has  been  used  in  several  mines,  particu- 
larly on  slopes,  but  its  use  is  not  common.  The  pipe  has  a  cast-iron 
flanged  shell  with  a  wood-stave  lining.  When  water  is  introduced, 
the  wood  lining  tends  to  expand  or  swell  and  thus  make  a  firm  con- 
tact between  it  and  the  inner  wall  of  the  cast-iron  shell.  The  pipe 
possesses  the  wearing  and  acid-resisting  qualities  of  wood  pipe  and  of 
ordinary  cast-iron  pipe,  but  by  reason  of  the  expensive  outer  shell 
and  the  rather  short  life  of  the  wood  lining,  unless  it  is  carefully  and 
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not  be  said  to  be  probable. 


TERRA-COTTA  PIPES. 

In  places  where  there  is  slight  danger  of  damage  from  falls  of 
roof  or  other  external  sources  of  injury  the  use  of  terra-cotta  pipe 
(fig.  7,  E)  may  be  safely  and  economically  adopted,  especially  if 
there  is  no  back  pressure  on  the  line.  The  expense  of  frequent 
joints  should,  however,  be  avoided  if  practicable.  The  pipes  are 
manufactured  in  3-foot  to  4-foot  lengths.  Ordinarily,  the  joints 
are  packed  with  hemp  or  oakum  with  a  thin  layer  of  cement  mortar 
as  surface  packing.  The  cement  mortar  is  held  in  place  until  firmly 
set  by  means  of  a  wrought-iron  clamp  bolted  flush  with  the  edge  of 
the  bell  flange.  T^ra-cotta  pipe,  however,  offers  considerable  fric- 
tional  resistance  on  account  of  the  rapid  abrasion  caused  by  the  filler 
which  soon  wears  off  the  smooth  glaze.  Especial  care  must  be  exer- 
cised and  close  supervision  enforced  so  that  the  pipe  will  be  turned 
in  sections  at  proper  intervals  to  obtain  the  maximum  wear.  The 
pipe  can  be  advantageously  used  on  all  descending  lines  in  flat  work- 
ings where  the  filler  is  to  be  conveyed  directly  to  the  bulkheads, 

POECELAIN-LINED    PIPES. 

Porcelain-lined  pipe  has  been  extensively  used  with  excellent  re- 
sults in  European  plants,  although  in  some  mines  it  has  not  been  so 
successful  and  has  been  replaced  by  plain  metal  pipe.  Owing  to  its 
high  price  in  this  country  and  to  the  difficulties  of  manufacture  the 
cost  of  this  type  of  pipe  is  so  great  as  to  make  its  use  impracticable 
for  hydraulic  mine  filling  in  the  United  States  under  present  condi- 
tions. 

GLASS  PIPES. 

In  order  to  avoid  the  heavy  expense  of  renewing  elbows  and  other 
bends  in  filler  lines,  a  remedy  was  sought  in  the  use  of  glass  pipe, 
particularly  for  bends  of  45°  to  90°.  The  experiment,  however, 
has  not  proven  an  entire  success,  and  the  use  of  glass  pipe  will 
probably  be  desirable  only  under  special  conditions. 

COMPABATIVE  EFFICIENCY  OF  VABIOUS  KINDS  OF  PIPES. 

It  must  be  borne  in  mind  that  wherever  pipes  or  bore  holes  are 
used  for  the  transportation  of  filler  the  filling  must  be  conducted 
with  judgment.  Under  no  circumstances  should  filler  be  turned  into 
a  bore  hole  or  pipe  line  until  considerable  water  has  been  run  through 
to  remove  any  pockets  of  sediment  that  may  have  formed.  Water 
should  also  be  run  through  after  the  flow  of  filler  has  been  turned 
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off  at  the  completion  of  the  day's  work,  so  that  the  material  will  be 
completely  flushed  out. 

In  stating  the  eflSciency  of  various  kinds  of  pipes  employed  for 
hydraulic  mine  filling,  it  must  be  borne  in  mind  that  accurate  experi- 
mental data  are  not  available.  However,  the  observations  made  below 
are  believed  to  be  warranted.  Proper  regard  must,  of  course,  be  had 
for  the  geological  conditions  under  which  any  of  the  methods  is 
operating.  For  example,  where  the  grades  are  undulating  it  is 
absolutely  necessary  to  have  a  stout  metal  pipe  unless  the  back  pres- 
sure is  comparatively  light.  Roughly,  such  pipe  should  be  used 
when  there  is  a  difference  of  100  feet  between  the  highest  and  lowest 
points  in  the  line.  At  no  point  throughout  the  system  should  the 
velocity  be  less  than  6  to  8  feet  per  second.  This  will  insure  against 
deposition  of  the  filler  in  the  line. 

A  brief  discussion  of  the  merits  of  the  different  kinds  of  pipes 
mentioned  above  follows. 

WOOD  PIPE. 
ADVANTAGES. 

Wood  pipe  possesses  a  number  of  distinctive  advantages.  (1)  It 
is  immune  from  chemical  attack;  (2)  it  has  a  tough  wearing  sur- 
face; (3)  it  is  easily  turned;  (4)  it  is  easily  cleaned;  (5)  its  cost  of 
installation  is  low;  (6)  it  can  be  used  under  difficult  physical 
conditions. 

Ifrnnunity  from  chemical  attack. — ^The  chemical  attack  on  pipe  used 
in  hydraulic  filling  is  of  great  importance,  especially  where  ashes 
or  other  acidulous  filler  is  employed.  This  attack  is  exerted  not  only 
on  the  filler  pipe  itself,  but  on  pumps  and  drainage  columns  as  well. 

Tough  wearing  surface. — Wood  pipe  has  a  tough  wearing  surface, 
and  although  somewhat  less  durable  under  steady  use  than  metal 
pipe  of  equal  thickness,  it  is  not  impaired  by  rusting,  as  is  metal 
pipe  when  the  line  is  unused  for  some  time.  Wood  pipe  will  wear 
much  longer  if  it  is  frequently  turned  slightly,  say  one-eighth  to  one- 
fourth  turn  at  a  time. 

Ease  of  turning. — Being  in  short  lengths,  wood  pipe  can  be  turned 
with  less  expense  than  metal  pipe,  especially  if  cast-iron  flange  con- 
nections are  placed  in  the  line  at  rather  frequent  intervals,  say  every 
30  feet. 

Ease  of  cleaning. — Because  of  the  flange  connections  and  the  short 
lengths  of  the  pipe,  blockages  are  cleaned  and  pipes  reopened  at  prac- 
tically minimum  expense,  especially  where  the  material  has  to  be 
withdrawn  by  scrapers  or  punching  rods. 

Low  cost  of  installation. — ^The  lightness  of  wood  pipe  permits  easy 
and  inexpensive  handling  and  the  cost  of  placing  or  installing  is 
therefore  reduced  to  a  minimum. 
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Adaptahtlity  to  difflcult  physical  conditions. — ^Wood  pipe  can  be 
installed  with  comparative  ease  under  difficult  conditions,  such,  for 
instance,  as  are  found  in  old  and  caved  workings.  The  len^hs  can 
be  connected  so  as  to  allow  considerable  deflection  in  vertical  and 
horizontal  alignment. 

DISADVANTAGES. 

The  disadvantages  attendant  on  the  use  of  wood  pipe  are:  (1)  It 
dries  out  and  collapses  when  not  regularly  in  use;  (2)  it  wears  un- 
evenly; (3)  it  easily  springs  out  of  line;  and  (4)  its  life  is  com- 
paratively short 

STEEL  AND  WROUOHT-IRON  PIPE. 

All  exposed  surfaces  of  steel  or  wrought-iron  pipes  are  subject  to 
corrosion.  The  effect  is  serious  and  should  receive  careful  attention 
when  a  filling  system  is  being  planned.  The  wearing  surface  of  metal 
pipes,  although  smooth,  is  subject  to  strong  abrasion  from  the  rapid 
cross  currents  and  eddies  in  the  flow.  The  point  at  which  the  greatest 
wear  will  occur  can  not  be  definitely  fixed  as  the  wear  varies  greatly. 
No  particular  precaution  can  be  followed  other  than  turning  at  fre- 
quent intervals.  Where  screw  thimbles  or  screw  joints  are  used, 
turning  becc«nes  rather  complicated  and  requires  a  number  of  men, 
whereas  if  the  slip-sleeve  or  flange  connections  are  used  the  expense 
is  considerably  reduced. 

Screw  joints  do  not  permit  pronounced  variation  in  alignment 
unless,  before  the  pipe  is  placed,  it  is  bent  to  conform  with  the  align- 
ment so  that  the  use  of  flange  connections  becomes  necessary.  If  a 
line  is  "sprung"  around  curves  the  outer  wearing  surfaces  are  subject 
to  considerable  strain  in  addition  to  the  centrifugal  force  in  the  cur- 
rent and  leaks  and  failures  of  the  pipe  result.  Steel  or  wrought-iron 
pipe  is  more  difficult  and  expensive  to  clean  than  is  wood  pipe  on 
account  of  the  lengths  being  longer  and  also  less  easy  to  remove  unless 
flange  connections  are  used. 

One  of  the  greatest  disadvantages  of  this  type  of  pipe  is  its  tend- 
ency to  corrode.  Each  morning  considerable  care  must  be  observed 
when  the  mixture  of  water  and  filler  is  turned  into  the  line  as  other- 
wise blockage  from  friction  caused  by  the  corrosicm  overnight  may 
be  the  first  thing  to  occur  in  a  day's  operation. 

CAST-IRON    PIPE. 

Although  there  is  a  serious  objection  to  the  weight  of  cast-iron  pipe 
of  standard  length  (12  feet)  this  pipe  has  become  rather  popular  for 
use  in  hydraulic  mine  filling.  The  bell-and-spigot  connection  allows 
great  flexibility  in  vertical  and  horizontal  alignment  and  because  the 
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pipe  keeps  a  smooth  surface  during  use  the  proportion  of  water  and 
the  velocity  of  the  current  can  be  reduced  to  a  minimum.  On  account 
of  the  short  lengths  in  which  cast-iron  pipe  is  made  it  can  be  installed 
in  caved  and  tortuous  openings.  The  wearing  surface  must  be  thor- 
oughly washed  twice  a  day,  before  and  after  filler  has  been  intro- 
duced, in  order  to  guard  against  frequent  and  expensive  blockages. 
Cast-iron  pipe  is  easily  turned  if  either  the  bell-and-spigot  or  tlie 
flange  type  of  connections  is  used. 

It  should  be  borne  in  mind  that  all  pipes  when  installed  will  sooner 
or  later  have  to  be  removed  for  cleaning  and  should  be  so  placed  that 
this  can  be  accomplished  a.t  the  least  expense  in  labor  and  material. 
When  bell-and-spigot  connections  are  used,  it  is  advisable  to  insert  at 
intervals  of  48  to  80  feet  flange  connections  so  that  sections  of  pipe 
can  be  rolled  out  of  line  and  cleaned  or  new  sections  put  in* 

Cast-iron  pipe  is  subject  to  the  corrosive  effect  of  acid  water,  and 
although  it  deteriorates  less  rapidly  than  pipe  made  of  wrought  iron 
or  steel,  nevertheless  such  water  has  a  very  destructive  effect  and 
shortens  the  life  of  the  pipe  decidedly.  It  is  claimed  that  under  a 
pressure  of  100  pounds  to  the  square  inch  cast-iron  pipe  will  wear 
three  times  as  long  as  wrought-iron  and  about  five  times  as  long  as 
steel  pipe. 

WOOD-LINED  PIPE. 

Wood-lined  pipe  is  used  only  in  special  cases,  as  in  shafts  or  slopes. 
In  some  mines,  especially  where  the  mine  water  is  highly  acid,  it  has 
been  expedient  to  use  the  filling  line  as  a  water  column  during  the 
night,  the  main  trunk  line  being  suitably  connected  to  the  mine  pump. 
However,  on  account  of  the  great  expense  and  the  rapid  wear  of  the 
wood  lining,  this  practice  now  is  practically  discontinued  in  favor  of 
the  more  effective  plan  of  having  separate  lines,  usually  of  cast  iron, 
with  bell-and-spigot  connections,  for  the  filling  pipe  and  flanged 
wood-lined  pipe  for  the  water  column. 

TERRA-C50TTA  PIPE. 

The  use  of  terra-cotta  pipe  for  underground  transportation  is 
rather  restricted.  The  cost  of  this  pipe  is  comparatively  low,  but  it 
lasts  only  a  comparatively  short  time.  On  account  of  the  texture  of 
the  body  of  the  pipe,  as  soon  as  the  inner  glazing  is  cut  through 
erosion  is  rapid,  and  of  course  there  is  considerable  resistance  to  the 
flow  of  filling  material. 

GLASS  PIPE. 

Glass  pipe  has  been  tried  only  as  an  experiment  in  the  hope  of 
obtaining  a  good  wearing  material  of  low  frictional  resistance  that 
might  be  used  particularly  where  there  are  changes  in  alignment,  as 
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use  was  expected  to  eliminate  the  serious  trouble  experienced  in  metal 
pipe  lines  at  a  point  some  distance  beyond  a  curve  or  bend.  Pipe 
frequently  wears  beyond  the  bend  or  at  the  joint  next  beyond  the 
bend.  Consequently,  glass  elbows  have  been  tried  that  are  of  special 
thickness  just  beyond  the  bend.  These  elbows  wear  longer,  but  the 
cost  of  glass  pipe  practically  prohibits  its  general  use,  even  for  elbows. 

PORCELAIN-LINED  PIPE. 

Porcelain-lined  metal  pipe  has  been  used  extensively  in  Europe,  but 
on  account  of  its  great  cost  in  this  country  its  application  has  been 
impracticable.  The  metal  shell  is  usually  of  wrought  iron  or  steel, 
and  the  lengths  are  provided  with  flange  connections.  The  porcelain 
lining  is  about  one-half  inch  thick  and  is  divided  into  sections  about 
10  or  15  inches  long.  The  space  between  the  metal  shell  and  the 
porcelain  lining  is  filled  with  a  cement  grouting.  Eight  bolts  are 
generally  used  to  bind  together  the  flange  joints. 

The  wearing  qualities  of  porcelain-lined  pipe  are  considerably 
greater  than  those  of  plain  metal  pipe,  and  the  frictional  resistance 
is  considerably  lower.  However,  when  coarse  material  is  trans- 
ported the  necessarily  high  velocity  of  the  current  in  the  pipe  line 
causes  the  larger  material  to  impinge  on  the  walls  of  the  pipe;  the 
continual  impact  tends  to  crack  and  break  the  porcelain  lining  and 
thereby  destroy  its  efficiency. 

USE  AND  CHARACTER  OF  BUIiKHEADS. 

The  construction  of  the  bulkheads  to  be  placed  to  retain  the  filler 
in  mine  workings  should  be  given  careful  consideration.  The  con- 
ditions in  the  workings  to  be  filled  should  be  carefully  analyzed  with 
a  view  to  determining  the  most  economical  and  at  the  same  time  the 
most  efiicient  type  of  bulkhead. 

TEBHS  USED  IN  ANTHBAGITE  FIELDS. 

In  selecting  a  suitable  term  for  the  mine  construction  that  holds 
the  filler  in  confinement  due  regard  was  given  other  terms  used  in 
the  Pennsylvania  anthracite  fields.  The  term  "  battery,"  probably 
the  most  widely  employed,  offered  the  objection  of  being  a  commer- 
cial term  having  electrical  and  mechanical  significance.  The  term 
is  also  applied  to  wooden  barriers  for  coal  chutes  in  pitching  beds. 
Its  general  use  therefore  might  cause  confusion. 

The  term  "  dam  "  is  generally  used  to  signify  a  water-tight  perma- 
nent, construction  to  confine  large  quantities  of  water  within  certain 
limits,  the  confining  material  being  usually  earth,  stone,  concrete,  or 
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square  timber.  General  usage  in  connection  with  hydraulic  mine 
filling  has  developed  this  misnomer,  and  the  term  is  frequently 
modified,  as  "slush,"  "flush,"  or  "silt"  dam. 

The  term  "stopping"  was  rejected  because  of  its  general  use  in 
connection  with  the  control  of  ventilation. 

The  term  "bulkhead"  is  believed  to  be  distinctive,  and  as  used  in 
this  bulletin  signifies  a  device  having  the  usefulness  of  the  type  of 
retaining  wall,  constructed  of  various  kinds  of  material,  now  being 
employed  to  confine  filling  material  in  the  reclamation  of  beach-front 
lands. 


^  inch  Bereeni 
every  15  feet  ^ 


■  I- 

Drainaffe^ 
trough"^ 


Figure  8. — Bulkhead  and  hitches  for  flat  workings.  A,  plan  view  and  front  elevation ; 
B,  side  elevation ;  C,  prop  held  by  a  sliding  and  a  trough  hitch ;  D,  prop  held  hf  trough 
hitches. 

GENERAL  BULES  OF  CONSTBUCTION. 

The  method  of  construction  and  the  details  of  the  various  types 
of  bulkheads  used  in  common  practice  are  greatly  influenced  by  the 
geologic  conditions^  particularly  by  the  inclination  of  the  coal  bed. 
The  height  of  the  bed,  the  width  of  the  opening  to  be  closed,  and 
the  character  of  the  coal  ribs  into  which  hitches  are  cut  for  anchor- 
age are  also  important  factors. 
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as  to  make  second  mining  possible  at  minimum  expense. 

The  type  of  bulkhead  used  throughout  the  anthracite  field  is 
practically  the  same,  and  is  generally  that  first  adopted,  with  the 
improvement  of  a  few  minor  details.  However,  several  details  can 
be  still  further  improved. 

Mine  workings  (chambers)  should  be  so  opened  as  to  entail  the 
least  possible  expense  in  bulkhead  construction.  Instead  of  full- 
width  chambers,  the  openings  should  be  as  narrow  as  haulage  and 
ventilation  will  permit. 

In  general,  bulkhead  construction  is  considered  a  part  of  timber- 
ing. The  haunch  distance  (fig.  8,  A;  fig.  9,  and  fig.  10,  A) — ^that 
is,  the  distance  along  the  rib  from  the  entrance  opening  to  the  bulk- 
head hitches — ^should  be  equal  to  one-half  the  width  of  the  opening 
for  flat  and  chute  workings  and  two-thirds  the  widtfi  of  the  opening 
for  pitch  workings. 

As  to  the  props  used,  their  diameter  in  inches  should  be  equal  to 
their  length  in  feet  for  flat  workings,  or  to  a  multiple  of  correspond- 
ing lengths  for  chute  and  pitch  workings,  plus  the  depth  of  the  top 
and  bottom  hitches  in  feet.  The  empirical  formulas  for  the  diameter 
of  props  are  as  follows: 

Flat  workings I)=   L 

Chute  workings D=-^ 

Pitch  workings D=-j- 

L— length  of  prope,  in  feet. 
D— diameter  of  props,  in  inches. 

Formulas  for  the  spacing  of  props  are  as  follows: 

W 
Flat  workings ^*^~H 

2W 
Chute  workings ^~W 

4W 
Pitch  workings * ^~7H 

W— width  of  opening,  in  feet 
H— height  of  opening,  in  feet 
S  —spacing  of  props,  center  to  center,  in  feet. 

Obviously  the  number  of  props  required  in  a  bulkhead  is : 

n4+i, 

in  which  W  represents  the  width  of  the  opening  in  feet  and  S  repre- 
sents the  spacing  distance  in  feet. 

The  materials  of  construction  to  be  employed  depend  upon  the 
form  and  type  of  bulkhead  to  be  erected.     In  general,  it  may  be  said 
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that  props  and  plank,  gob,  dirt,  blasted  rock,  concrete,  and  stone 
are  usually  adopted.  In  conjunction  with  these  materials,  limestone 
and  calcareous  shales  have  been  used  to  neutralize  sulphuric  acid  in 
the  water.  Packing,  necessary  to  avoid  excessive  leakage  and  to 
form  a  filter  curtain  or  "  screener,"  may  consist  of  burlap  or  brattice 
cloth,  hay,  shavings,  manure,  ashes,  straw,  forest  leaves,  etc. 

Props  and  planks  or  boards  are  used  for  practically^  all  flat  work- 
ings. Timber,  gob,  stone,  and  concrete  bulkheads  are  generally  con- 
structed where  the  dip  of  the  coal  bed  is  steep  and  the  workings  are 
comparatively  new.  The  bulkheads  can  then  be  utilized  to  assist, 
ventilation  before  actual  filling  is  undertaken.  Packing  is  used  only 
on  inclined  workings  and  the  quantity  is  almost  proportional  to  the 
degree  of  inclination.  Its  purpose  is  to  filter  out  of  the  seepage 
water  any  filler  held  in  suspension.  Care  must  be  exercised  not  to 
make  bulkheads  too  water-tight,  as  allowance  must  be  made  for  par- 
tial relief  of  hydraulic  head. 

DEITAIIiS  OF  BULKHEAD  GONSTBXrCTION. 

Bulkhead  construction,  although  chiefly  in  charge  of  the  boss  tim- 
berman,  generally  receives  the  careful  attention  of  the  colliery  offi- 
cials in  charge,  who  possess  thorough  knowledge  of  the  geological 
as  well  as  the  physical  features  of  the  workings  to  be  filled. 

After  the  section  of  the  mine  to  be  filled  has  been  determined,  the 
selection  of  bulkhead  locations  is  considered.  The  materials  suit- 
able and  the  type  of  bulkhead  to  be  constructed  are  carefully  investi- 
gated, especial  attention  being  given  to  the  cost  of  the  materials.  The 
cutting  of  hitches,  vertical  and  horizontal,  is  left  to  the  foreman  in 
charge,  who  is  thoroughly  familiar  with  the  character  of  the  coal 
and  the  rock  at  the  determined  locations.  In  general  practice  the 
depth  of  the  hitches  is  equal  to  the  diameter  of  the  props.  The  verti- 
cal hitches  are  cut  into  the  coal  ribs  parallel  to  the  plane  of  the  props; 
the  horizontal  hitches  are  cut  into  the  bottom  (floor)  and  the  roof 
along  the  line  of  intersection  of  the  plane  of  the  props.  This  plane 
deflects  from  the  normal  *  up  the  pitch  2  to  10  degrees,  depending  on 
the  dip  of  the  bed.  If  the  dip  is  less  than  80  degrees,  the  deflection, 
as  a  rule,  is  equal  to  about  one-seventh  of  the  dip. 

TIMBER  BULKHEADS. 

Timber  can  be  used  for  all  kinds  of  bulkhead  construction,  but  is 
especially  suited  for  use  in  flat  and  chute  workings. 

•By  normal  plane  is  meant  a  plane  at  right  angles  to  the  plane  of  inclination,  or 
dip,  of  the  coal  bed. 
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the  depth  of  those  in  shale  or  "  slate."  The  bottom  hitch  is  gener- 
ally of  the  trough  type  (fig.  8,  D),  whereas  the  top  is  more  fre- 
quently of  the  sliding  type  (fig.  8,  C),  especially  where  the  roof  is 
hard.    The  spacing  of  props  usually  follows  the  formula  previously 

W 

cited  for  flat  workings  (S= w).     For  example,  for  a  room  8  feet  high 

by  24  feet  wide  the  props  should  be  8  inches  in  diameter  (D=L) 

W 

and  spaced  3  feet  apart  center  to  center.     By  formula  N=-o-  +  l 

a  single  row  of  props  would  be  suflScient  for  a  chamber  of  such 
size.  If  the  roof  and  the  floor  are  of  shale  or  "  slate,'  the  hitches  would 
be  cut  as  trenches  12  inches  wide  and  8  inches  deep.  Where  the 
roof  and  the  floor  are  sandstone  the  hitches  would  be  cut  separately 
10  or  12  inches  square,  but  only  one-half  as  deep  as  in  the  shale  or 
"  slate."  This  difference  in  cutting  is  made  because  shale  or  "  slate  " 
exposed  to  air  and  moisture  swells  or  "heaves,"  causing  in  many 
places  serious  cracks  in  the  bottom  or  roof  and  initiating  so-called 
"  water  squeezes,"  whereas  in  sandstone  such  action  seldom  occurs. 

The  preps  are  securely  wedged  at  the  top  and  manure  or  dirt  is 
firmly  packed  around  the  bottom  after  the  bottom  plank  has  been 
attached,  so  as  to  avoid  leakage.  One  and  one-half  inch  plank  or 
double  1-inch  boards  are  then  nailed  to  the  inside  face  of  the  props 
for  the  entire  height.  The  bottom,  sides,  and  top  are  carefully  joined 
or  "  patched  "  with  short  pieces  of  board  nailed  to  the  main  board- 
ing and  the  solid  coal  or  pillar.  If  the  dip  of  the  bed  is  between  5® 
and  15°,  a  straw,  hay,  burlap,  or  brattice-cloth  packing  is  used;  or,  in 
order  to  avoid  heavy  hydraulic  head,  a  drainage  trough  to  draw  off 
excess  water  may  be  constructed  as  illustrated  in  figure  8,  A  and  B. 

BULKHEADS   FOR  CHUTE  WORKINGS. 

Chute  workings,  as  previously  defined,  are  understood  to  indicate 
workings  in  beds  inclined  more  than  10°  and  less  than  25°  and 
where  the  lining  of  chutes  with  sheet  iron  is  necessary  to  cause 
the  coal  to  slide  to  the  foot  of  the  chamber  on  the  loading  plat- 
form. The  heavier  hydraulic  pressure  on  bulkheads  in  such  work- 
ings naturally  demands  a  more  massive  and  substantial  construction 
than  is  required  for  flat  workings.  The  character  of  the  overlying 
and  the  underlying  rock  influences  the  construction  to  a  certain 
degree  as  regards  obviating  water  squeezes. 
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As  an  example,  take  a  chamber  24  feet  wide  in  a  bed  10  feet 
high  that  dips  20°.  The  diameter  of  the  props  should  be  not  less 
than   10  inches,  preferably   15   inches,   according  to  the   formula 

q  T 

D=-3-.  •  The  hitches  should  be  cut  at  least  10  inches  deep  in  the 

bottom  and  not  less  than  half  that  depth  in  the  roof.    The  spacing 

2  W 
of  the  props,  according  to  the  formula  S=«-w>  would  be  19  inches 

from  center  to  center.    A  single  row  of  props  would  suflSce  if  prop- 
erly braced  to  either  the  roof  or  the  bottom,  depending  upon  the 


"  Dniinjicre  box 
^  Drainage  ditch 


^_'?_r_ 1- 


^=10'to25" 


SmE  ELEVATION  AT   a-h 
FiGUBE  0. — Bulkhead  for  chute  workings. 

character  of  each.  The  method  of  construction  is  illustrated  in 
figure  9.  Drainage  for  this  type  of  bulkhead  is  best  accomplished 
by  means  of  a  trough,  as  illustrated  in  figure  9.  This  method 
avoids  heavy  hydrostatic  pressure  on  the  bulkheads  and  makes 
the  water  used  available  in  the  shortest  time  for  reuse  for  hydrau- 
licking,  a  feature  that  is  of  vital  importance  in  nearly  all  mines 
where  filling  is  done. 
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in  many  places  a  wall  of  dry  gob  is  constructed  to  act  as  a  partial 
filter. 

BUI.KHBADS   FOR   PITCH   WORKINGS. 

Pitch  workings,  as  previously  defined,  include  workings  in  which 
the  inclination  of  the  bed  exceeds  25°  and  in  which  the  coal  will  run 
in  chutes  or  troughs  not  lined  with  sheet  iron.  As  the  pressure  on 
bulkheads  in  such  workings  is  greater  than  on  the  bulkheads  pre- 
viously mentioned,  it  is  obvious  that  the  construction  and  the  materials 
must  be  heavier  and  more  substantial. 

Assume  a  chamber  10  feet  high  by  24  feet  wide.    The  diameter  of 

7  T 
the  props,  according  to  the  formula  D  =  -j-,  should  be  17i  inches  or, 

say,  18  inches;  the  hitches  should  be  of  the  trough  type,  from  10  to  18 
inches  deep,  and  wide  enough  to  allow ,  manure  and  dirt  packing 
around  the  props  and  bottom  plank.    The  spacing,  according  to  the 

4  W 
formula  S  =  =-rT-,  should  be  1.4  feet,  or,  say,  17  inches,  from  center  to 

center.     As  this  spacing  is  less  than  the  maximum  diameter  of  the 

W 
props,  and   as,  by  the  formula  N=-^-  +  l,  the  number   of  props 

required  is  17,  two  rows  will  be  necessary.  The  extra  props  should 
be  so  distributed  as  to  make  the  total  supporting  value  equal  to  that 
of  the  entire  number  of  props  required,  and  they  should  be  so  placed 
as  to  give  a  clearance  of  at  least  6  to  8  inches;  therefore,  substituting 

W 

in  the  formula  N  =  -q-  + 1, 

The  number  of  props  to  be  placed  in  the  first  row  is  therefore  13 ; 
the  remaining  4  (17—13)  props  are  for  reenforcement.  The  reen- 
forcing  props  might  be  applied  as  three  horizontal  braces,  as  indicated 
in  figure  9. 

If  the  bulkheads  are  intended  to  withstand  great  pressure  in  beds 
of  steep  dip,  the  form  of  an  inverted  V  is  most  preferred  (fig.  10). 

The  bottom  and  top  hitches  are  cut  continuous,  as  are  the  rib 
hitches.  When  timber  is  used,  the  sticks  are  laid  parallel  to  the  dip 
of  the  bed  in  the  form  of  a  V,  pointing  up  the  dip,  the  sides  of  the 
V  making  angles  of  about  30°  with  the  ribs.  The  timbers  are  care- 
fully scored  and  hewed  before  being  placed.  In  the  bottom  hitches 
a  layer  of  fine  manure  and  dirt  is  placed  as  a  bedding  for  the  first 
layer  of  timbers.    The  planking  is  placed  vertically,  a  minimum  num- 

•  1.5  represents  diameter  of  props,  18  inches. 
>0.5  represents  9-incb  clearance. 
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ber  of  nails  being  used  for  fastening.  Vertical  buttress  and  hori- 
zontal timbers  are  placed  as  indicated  in  figure  10,  A  or  B. 

In  this  form  of  construction  it  is  at  times  highly  desirable  to  pro- 
vide the  "  screener  "  and  the  gob- wall  filter  mentioned  above. 

Masonry,  rather  than  timber,  can  be  used  for  this  form  of  construc- 
tion. If  masonry  (fig.  11)  is  employed  instead  of  timber,  the  form  of 
the  bulkhead  is  that  of  a  full-struck  arch,  a  semicircle  with  a  radius 


Drainase  ditch  ^drain  box 


A  B 

FioDBB  10. — Bulkhead  for  pitch  workings.     A,  plan  Tlew  and  front  elevation ;  B,  plan 
view  of  modification  of  bulkhead  shown  in  A ;  C,  side  elevation  at  ah. 

equal  to  the  width  of  the  opening;  the  thickness  of  the  bulkhead  at  the 
haunches  is  equal  to  one-third  of  the  height  and  at  the  crown  to  one- 
sixth  of  the  height    Drainage  troughs  (fig.  11)  must  be  provided. 

Under  special  conditions  dry  walls  are  in  places  used  in  conjunction 
with  the  timber  construction.  It  is  impractical  to  formulate  any  gen- 
eral rules  for  using  such  walls.  However,  it  is  safe  to  state  that , 
wherever  the  inclination  of  the  coal  bed  is  over  18  degrees  dry  walls 
are  invariably  constructed  if  rock  is  available.  Great  faith  is  placed 
in  this  type  of  bulkhead.    The  specific  purpose  of  the  dry  wall  is  to 
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the  bulkhead  of  a  portion  of  the  direct  hydrostatic  pressure. 

The  use  of  rock  •  blasted  from  the  roof  and  floor  for  bulkhead  con- 
struction was  no  doubt  sugge^d  by  encountering  the  natural  bulk- 
heads formed  by  ihe  many  roof  falls  in  old  workings  and  the  per- 
centage of  filling  represented  by  the  fallen  rock.  It  may  be  possible 
to  work  out  a  practical  application  of  blasted  rock  when  the  cost  of 
other  material  for  bulkheads  becomes  prohibitory. 

Concrete  bulkheads  have  been  tried  in  several  mines,  and  although 
their  first  cost  is  high  they  ^rove  fairly  economical  in  pitching  beds 


PLAN  VIEW 


18  hitches 


mJ-w  —  haunch 
^     ^^"distanco 


SmE  ELEVATION 


^  ^  thickness  in  inches  oorresixmdhir 
directly  to  devreea  of  incUnatioB»  or 
proportionately  to  the  height  of  openinir. 

This  type  flf  bulkhead  ia  also  constmeted 
with  drainaffe  trooffhs  extending  throuffh 
t9k6  concrete.  The  troufffas  are  about  12 
inehes  sauare  aad  have  drainage  epcaings 
spaced  about   ^-^ 

FRONT  ELEVATION 
Figure  11. — Concrete  or  brick  bnlkhead  for  pitch  workings. 

where  the  bulkheads  are  subjected  to  great  pressures  and  where  the 
necessary  timber  would  be  very  expensive. 

This  form  of  bulkhead  construction  is  more  frequently  used  where 
hydraulic  filling  is  planned  as  a  feature  of  the  development  of  the 
mine.  The  bulkheads  are  constructed  with  trap  doors  so  as  to  allow 
their  use  in  conducting  ventilation  and  in  mine  inspection  in  addition 
to  their  ultimate  use  as  filler  containers.  The  trap  doors  also  permit 
traveling  by  workmen  and  officials  before  filling  starts.  After  second 
mining  has  been  started  the  bulkheads  are  of  service  as  anchorages 
for  new  bulkheads  for  filling  the  opening  on  the  mining  side  of  a 
pillar. 

•Griffith,  William,  and  Conner,  E.  T.,  Mining  conditions  und^r  the  city  of  Scranton, 
Pa.:  Bull.  25,  Bureau  of  Mines,  1912,  p.  57. 

72171''— Bull.  60—13-^^-4 
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With  concrete  bulkheads  great  care  must  be  exercised  to  insure 
drainage  by  means  of  troughs. 

Brick  and  stone  bulkheads  are  seldom  used.  The  remarks  under 
concrete  bulkheads  are  equally  applicable  to  bulkheads  of  these  types. 

Concrete  and  other  types  of  masonry  construction  possess  unusual 
advantages  when  rehydraulicking  is  undertaken,  especially  in  flat 
and  to  a  large  extent  in  chute  workings.  Second  filling  in  any  section 
of  a  mine  is  not  undertaken  until  pillar  mining,  either  partial  or  total, 
has  been  completed  in  that  section.  Timber  bulkheads  seldom  last 
until  second  filling  is  begun,  consequently  the  rib  anchorage,  either 
on  one  or  both  sides,  is  practically  useless  at  the  time  of  second  filling, 
so  that  a  quantity  of  valuable  coal  must  be  left  as  "  anchor  stumps  " 
for  anchorage  for  new  bulkheads  required  in  filling  the  openings 
made  by  mining  the  pillars.  This  objectionable  feature  is  eliminated 
by  masonry  types,  which  allow  a  satisfactory  connection  or  anchorage 
directly  to  the  old  bulkhead. 

COST  OF  BULKHEADS. 

PLANK-AND-TIMBER  TYPE. 

FLAT   WORKINGS. 

The  cost  of  a  given  type  of  bulkhead  depends  largely  on  the  amount 
of  coal  or  roof  that  has  fallen  and  the  character  of  the  coal  and  rock 
at  the  point  of  location. 

Assume  that  a  timber-and-plank  type  of  bulkhead  for  filling  a 
chamber  24  feet  wide  by  6  feet  high  is  to  be  built  in  flat  workings, 
with  roof  and  floor  of  medium  hard  sandy  shale.  The  itemized  cost 
of  construction  is  approximately  as  follows: 

Itemized  statement  of  cost  of  huUding  a  timber-and-plank  buikhead  for  flat 

workings. 

MATERIAL. 

Seren  6-lnch  props  7  feet  long,  at  $6.50  per  ton $2. 00 

350  feet  2-lnch  plank,  at  $25  per  M a  00 

Nails  and  spikes .35 

Burlap  or  brattice-cloth  drainage-hole  coverings .35 

$10. 70 

LABOB. 

CHeaning  and  preparing  bulkhead  location,  2  men,  one- 
half  day 3.00      . 

Cutting  hitches  (top,  bottom,  and  sides),  2  men,  1  day —    6. 00 

Cutting,  setting,  and  wedging  props,  2  men,  2  days 12.00 

Planking  and  patching,  2  men,  11  days 9.00 

Portage  of  material  (approximately) 5.00 

35.00 

TQtftl ,.-, .— . — -.-, — - — T r-^    45. 70 
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For  hard  sandstone  roof  and  bottom,  other  conditions  being  the 
same,  there  will  be  an  additional  labor  cost  for  cutting  hitches.  This 
work  necessitates  moiling,  and  its  cost  will  amount  to  at  least  three 
times  that  given  above,  or  $18.  Therefore  in  sandstone,  flat  work- 
ings, the  total  cost  of  such  bulkhead  would  be  $45.70  plu*  $18,  or 
$63.70. 

CHTTTB  WORKINGS. 

In  chute  workings  with  medium  hard,  sandy-shale  roof  and  bottom 
the  cost  of  construction  will  be  decidedly  greater,  as  indicated  below. 

2  W 
From  the  formula  S=^^,  the  props  should  be  spaced  2  feet  9  inches 

apart,  center  to  center;  therefore  the  bottom  hitches  would  be  of 
the  box  type  and  the  top  hitches  of  the  continuous  or  sliding  type.    By 

W 

the  formula  N=-q-+l5  the  number  of  props  is  10.    By  the  formula 

oT 

D  =  -^,  the  diameter  of  the  props  is  9  inches.     The  itemized  cost  of 
the  bulkhead  would  be  approximately  as  follows : 

Itemized  statement  of  cost  of  building  a  timber-and-plank  bvlkhead  for  chute 

toorkinffs. 

MATERIAL. 

Ten  props  9  inches  In  diameter  by  7i  feet  long  (12-inch 

bottom  hitch,  6-lnch  top  hitch) $8.00 

350  feet  plank 8.00 

Nails  and  spikes .35 

Burlap  or  brattice  cloth ^  ♦  .  75 

1,200  feet  1-inch  boards  for  drainage  troughs 30. 00 

$42.10 

LABOR. 

Gleaning  and  preparing  bulkhead  location 3.00 

Cutting  hitches  (top,  bottom,  and  sides) 9.00 

Cutting,  setting,  and  wedging  props 18. 00 

Planking  and  patching 9.00 

Portage  of  material 8. 00 

Building  24-inch  dry-waU  filter 15.00 

Carpentry  (drainage  trough) 12.00 

74.00 

Total ^ 116.10 

For  hard  sandstone  roof  and  bottom,  other  conditions  being  the 
same,  the  cost  of  labor  for  cutting  the  hitches  will  be  about  three 
times  that  given  above,  or  $27;  therefore  the  total  cost  of  a  bulk- 
head in  chute  workings  with  such  roof  and  floor  would  be  $116,10 
plus  $18,  or  $134.10. 
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PITCH  WORKINGS. 

In  pitch  workings,  the  floor  and  roof  being  medium-hard  sandy 
shale,  the  cost  of  construction  would,  of  course,  be  higher  than  in 

flat  or  chute  woikings.    By  the  formula  3*"-=^,  the  spacing  of  the 

props  would  be  2.3  feet.  The  props  should,  therefore,  be  spaced 
not  over  26  inches  apart,  center  to  center.     From  the  formula 

W 
N  -»  ^  + 1,  the  number  of  props  required  would  be  12.    The  diameter 

of  the  props,  determined  from  the  formula  D  =»  -j-,  would  be  10.5, 

or  say  11  inches.  The  clearance  distance  between  props  (S — D) 
would  be  15  inches;  therefore  to  avoid  expensive  cutting  in  hard 
sandstone  the  bottom  hitches  should  be  of  the  box  type  and  only  the 
top  hitches  of  the  trough  or  sliding  box  type.  The  cost  of  the  bulk- 
head would  be  approximately  as  follows: 

Itemized  statement  of  cost  of  hwUding  a  timher^nd^l€Mk  fnUkhead  for  pUch 

ioorkinga. 

MATERIAL. 

Twelve  props,  11  Inches  In  diameter  by  7i  feet  long  (12- 

Inch  bottom  hitch,  e-lnch  top  hitch) 1._  |13. 00 

350  feet  2-inch  plank  and  patching ; a  00 

Nails,  spikes,  burlap,  etc 2. 00 

Boards  for  drainage  troughs 30. 00 

^  $53.00 

LABQB. 

Cleaning  and  preparing  bulkhead  location 5.50 

Cutting  hitches  (top,  bottom,  and  sides) 15.00 

Cutting,  setting,  and  wedging  props 28.00 

Planking  and  patching 12. 00 

Constructing  and  placing  drainage  trough 12.00 

Building  dry-wall  filter  and  manure  curtain 18. 00 

Portage   of   material 20.00 

105.60 

Total . 158. 50 

For  hard  sandstone  roof  and  bottom  the  cost  of  labor  for  cutting 
the  hitches,  moiling  being  necessary,  will  be  approximately  three 
times  that  given  above,  or  $45 ;  therefore  the  total  cost  of  a  bulkhead 
in  pitch  workings  with  sandstone  roof  and  floor  would  be  $158.50 
plus$30,  or  $188.50.. 
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If  the  bulkhead  bemg  considered  were  of  the  inverted-V  type,  the 
cost  of  construction  would  be  approximately  as  follows : 

Itemized  statement  of  cost  of  huUding  a  timber-and-plank  J>ulkhead  of  the 

inverted-V  Hfpe, 

MATEBIAI.. 

33  timbers,  12  inches  in  diameter  by  16  feet  long $52.00 

Other  material  same  as  itemized  above 40.00 

$92.00 

LABOB. 

Cleaning  and  preparing  bulkhead  location 6.00 

Cutting  hitches 21. 00 

Cutting,  scoring,  and  placing  timbers 66.00 

Planking,  wedging,  troughlng,  etc 42.00 

Portage  of  material aaoo 

163. 00 

Total 255. 00 

For  hard  sandstone  roof  and  bottom  an  additional  cost  of  $12 
should  be  added,  making  the  total  cost  $297. 

CONCRETE  TTPE". 

The  cost  of  a  concrete  bulkhead  for  use  in  filling  the  chamber    . 
referred  to  above  (24  feet  wide  by  6  feet  high)  would  be  $52  for 
material  and  $173  for  labor,  a  total  of  $225,  if  the  roof  and  the  floor 
were  of  medium-hard  sandy  shale. 

For  hard  sandstone  roof  and  floor  an  additional  cost  of  $68  should 
be  added,  making  a  total  of  $293. 

COUPABOOlSr  OF  VAJUOXTB  TYPES  OF  BXTLXHEADS. 

TIMBER  BULKHEADS. 

In  comparing  the  advantages  of  the  various  types  of  bulkhead 
omstruction,  the  ease  with  which  timber  for  timber  bulkheads  can 
be  transported  over  caved  and  broken  ground  is  an  important  factor 
favoring  that  type,  as  is  the  comparatively  low  cost  of  timber  con- 
struction and  its  flexibility  and  advantageous  application  under  diflS- 
cult  conditions.  In  timber  construction,  however,  it  is  impossible  to  * 
anticipate  the  reuse  of  materials  employed. 

MA80NBT  BULKHEADS. 

Masonry  construction  is  necessarily  expensive.  For  extensive 
final  or  pillar  mining  the  masonry  type  of  bulkhead  possesses  attrac- 
tive advantages  and  may  in  future  work  be  developed  so  as  to  present 
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the  greatest  ultimate  economy.  Heretofore  such  constructions  have 
been  built  primarily  for  ventilating  purposes,  being  later  used  advan- 
tageously in  mine  filling. 

BLASTED-BOCK  BULKHEADS. 

Bulkheads  made  by  blasting  the  roof  and  floor  are  an  extension 
of  the  plan  of  supporting  the  roof  in  this  way."  With  a  considerable 
quantity  of  small  coal  and  fine  dirt  available  it  may  be  possible  to 
construct  a  barrier  of  blasted  rock  across  a  comparatively  flat  work- 
ing place  and,  by  placing  a  sufficient  quantity  of  this  fine  material 
at  the  inner  face  of  the  rock  barrier,  to  form  a  filter  that  will  even- 
tually retain  the  filler.  Judging  from  the  apparent  effectiveness  of 
general  roof  falls  as  bulkheads,  this  type  of  construction  should  be 
efficacious  and  economical  in  sections  considered  inaccessible  as  re- 
gards the  construction  of  either  timber  or  masonry  bulkheads,  espe- 
cially in  places  where  the  roof  and  bottom  are  softer  than  the  usual 
sandstone  of  the  anthracite  mines  and  where  the  opening  is  less  than 
6  feet  high.  Air  and  water  cause  newly  broken-down  shales  and 
"  slates  "  to  slack  or  disintegrate,  consequently  the  voids  or  inter- 
stices in  such  a  bulkhead  rapidly  fill  up  and  the  barrier  becomes  less 
pervious. 

BRICK   AND  OTHER   MASONRY   BULKHEADS. 

Brick,  concrete,  and  other  masonry  bulkheads  are  the  most  expen- 
sive, but  can  be  made  to  serve  a  double  use,  as  ventilation  stoppings 
and  subsequently  as  filler  bulkheads.  In  many  mines  where  the 
workings  are  extensive  it  is  necessary  to  construct  stoppings  of 
masonry  to  insure  a  sufficient  quantity  of  air  reaching  the  wwking 
faces.  Bulkheads  of  masonry  are  most  practical  when  filling  is 
conducted  on  the  panel  or  district  system.  In  such  practice  each 
panel  or  district  is  separated  by  building  bulkheads  across  openings 
in  the  boundaries  only;  no  bulkheads  are  constructed  at  the  foot 
of  chambers  or  rooms.  Timber  bulkheads  would  be  impracticable, 
owing  to  the  long  interval  between  the  first  mining  and  the  time 
when  filling  can  be  safely  undertaken. 

FILLING  DIFFERENT  CLASSES  OF  WORKINGS. 

As  previously  stated,  hydraulic  mine  filling  originated  in  connec- 
tion with  the  solving  of  special  problems  under  the  stress  of 
emergency.  The  initial  efforts  were  naturally  conducted  along 
experimental  and  inefficient  lines;  improvements  in  method  were 
developed  as  time  for  observation  elapsed  and  results  could  be  care- 

,  .  •  Griffith,  William,  and  Conner,  E.  T.,  Mining  conditions  under  the  dtj  of  Scrantou, 
Pa. :  Bull.  25,  Bureau  of  Mines,  1912,  p.  57. 
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esumaie  wnere  wie  niier  was  oemg  aeposii>ea  ana  wneiner  it  was 
accomplishing  the  desired  results,  rapid  improvement  has  been  made. 
In  the  past  many  large  areas  of  mine  workings  were  made  entirely 
inaccessible  by  the  filler  blocking  the  only  open  places  leading  to 
the  district  to  be  filled.  These  effects  led  to  attempts  (1)  to  control 
the  flow  of  the  filler,  and  (2)  to  confine  the  filler  within  prede- 
termined limits.  Through  gradual  development  the  methods  now 
extensively  employed  both  in  this  country  and  abroad  came  into  use. 
To-day  hydraulic  filling  has  wide  application  and  is,  under  certain 
conditions,  an  important  and  indispensable  aid  in  the  mining  of  coal. 

CLASSIFICATION  OF  SYSTEMS  AS  TO  ABEA  TO  BE  FILLED. 

If  the  area  to  be  filled  be  taken  as  the  basis  of  classification,  all 
systems  of  hydraulic  mine  filling  may  be  divided  into  three  groups, 
as  follows :  Individual,  panel,  and  collective. 

In  the  individual  system  of  filling  the  filler  is  discharged  directly 
into  each  chamber  or  breast  to  be  filled.  This  system  is  generally 
adopted  in  flat  workings  for  either  total  or  partial  filling.  In  the 
panel  system  the  filler  is  discharged  into  groups  of  chambers  or 
breasts,  one  or  more  chambers  or  breasts  being  left  unfilled.  This 
system  is  generally  adopted  for  partial  filling  in  flat,  chute,  or  pitch 
workings.  In  the  collective  system  the  filler  is  discharged  at  the 
highest  accessible  elevation  in  a  given  section  of  the  mine  and  is 
allowed  to  flow  unrestrictedly  into  all  the  chambers  or  breasts  to  be 
filled  in  that  section.  This  system  is  adopted  for  total  filling  in 
chute  or  pitch  workings. 

CHOICE  OF  SYSTEM    ACCORDING   TO   AREA   TO   BE  FILLED. 

The  determination  X)f  the  most  desirable  system  of  filling  is 
dependent  on  the  proposed  future  operation,  the  time  to  elapse 
between  filling  and  pillar  mining,  and  the  ultimate  pillar  extraction 
and  possible  refilling.  If  the  interval  between  filling  and  reopening 
is  to  be  comparatively  short,  a  relatively  short-lived  material  may 
be  used  in  constructing  the  bulkheads;  for  example,  if  reopening 
is  to  be  undertaken  within  one  year's  time,  oak  props  and  hardwood 
plank  will  prove  eflScient  and  economical,  and  in  refilling,  the  new 
bulkheads  can  be  satisfactorily  anchored  to  the  old  bulkheads.  If 
the  interval  is  to  be  longer,  more  durable  wood — for  instance,  pine 
props  and  hemlock  or  pine  planks — ^should  be  employed. 

The  method  of  reopening  filled  areas  should  be  determined  by  the 
inclination  of  the  workings.  If  the  bed  is  flat,  the  gangway  and  air- 
way are  generally  maintained;  therefore  the  filling  should  be  con- 
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ducted  SO  as  to  require  the  least  quantity  of  material  to  be  rehandled, 
especially  where  only  a  partial  recovery  of  pillars  can  be  undertaken. 

If  the  workings  are  inclined  over  25°,  the  collective  system  is  the 
most  practical  and  economical,  because^  although  bulkheads  of  heavy 
constructicm  and  consequent  high  cost  will  be  required,  comparatively 
few  bulkheads  will  be  necessary.  Also,  as  the  req^ening  of  such 
workings  consists  in  driving  a  road  along  the  high  rib  of  the  old 
gangway,  the  least  amount  of  pillar  coal  is  isolated,  and  the  maximum 
recovery  is  possible  at  the  least  expense  in  rehandling  filler.  In  taudy 
with  this  system  the  immediate  availability  of  a  large  quantity  of 
coal  somewhat  c(»npensates  for  the  high  expense  incurred. 

In  flat  workings,  if  the  greater  part  or  all  of  the  pillar  coal  is  ulti- 
mately-to  be  extracted^  the  collective  system  possesses  a  great  advantage 
over  the  individual  or  panel  system,  as  the  only  bulkheads  necessary 
are  those  provided  for  ventilation  and  for  entrance  and  exit  for 
haulage.  However,  in  mines  gen^ating  inflammable  gas  the  panel 
system  is  the  only  one  to  be  recommended,  as  this  system  allows  free 
circulation  of  the  ventilating  current  around  the  fiUed  district  at  all 
times  and  thereby  guards  against  dangerous  accumulations  of  such  gas. 

Collective  filling  is  the  least  expensive  system,  panel  filling  ranks 
next^  and  individual  filling  is  the  most  expensive  system. 

In  any  form  of  filling,  whether  individual,  panel,  or  collective,  it  is 
important  to  guard  against  the  dangers  of  overflows  or  "rushes." 
These  are  frequently  caused  by  piles  of  gob  and  dirt  or  by  falls  of 
roof.  The  water  and  the  filler  accumulate  behind  such  obstructions 
until  an  overflow  or  break  occurs.  Then  the  onrushing  mass  often 
breaks  bulkheads  or  blocks  airways,  haulage  ways,  and  manways. 

CLASSIFICATION  OF  SYSTfiXS  AS  TO  CHABACTEB  OF  THE 

WOBXINaS. 

If  the  character  of  the  workings  be  taken  as  a  basis  for  classifica- 
tion, hydraulic  mine-filling  systems  may  be  divided  into  four  groups, 
namely :  Surface  openings,  flat  workings,  chute  workings,  and  pitch, 
workings. 

SUSFACE  FILLING. 

The  first  group  may  be  made  to  include  all  manner  of  filling  con- 
ducted outside  of  the  mines,  whether  for  the  purpose  of  grading  cm* 
storing  refuse.  Strictly  speaking,  such  filling  is  not  usually  done  by 
a  hydraulic  process.  The  filler  is  dumped  from  wagons  or  cars  in 
certain  locations,  either  as  spoil  banks  or  for  temporary  storage. 

The  simplest  form  of  surface  filling  consists  in  depositing  material^ 
either  by  the  hydraulic  method  or  in  fi  dry  state,  in  such  cavities  as 
are  caused  by  mine  caves  or  by  "  crop  falls."    All  such  filling  is  done 
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buildings. 

In  this  connection  it  is  well  to  bear  in  mind  that  a  mine  cave  is 
caused  by  the  removal  or  the  robbing  of  pillars  or  the  failure  or 
crushing  of  pillars  owing  to  a  squeeze,  and  the  resulting  surface  sub- 
sidence may  be  either  uniform  or  intermittent. 

Another  use  of  surface  filling,  usually  hydraulic,  is  for  improving 
the  topography  at  a  colliery  by  filling  small  gulleys,  depressions, 
washouts  or  even  marsh  lands.  The  advantage  of  such  filling  is 
readily  appreciated  by  those  who  have  had  experience  with  colliery 
operations'  in  rolling  or  swamp  land. 

Hydraulic  filling  has  not  yet  become  general  throughout  the  entire 
anthracite  region  and  unfortunately  there  still  exist  practices  long 
since  proven  inconsistent  with  progress;  these  practices  no  doubt 
account  for  much  of  the  highly  regrettable  pollution  of  the  streams, 
sometimes  unintentional  and  at  other  times  willful.  A  remedy  for 
such  conditions  should  be  eagerly  sought  and  adopted.  Uninten- 
tional stream  pollution  results  from  the  erosion,  by  heavy  rains,  of 
culm  temporarily  or  permanently  placed  upon  steep  watersheds,  or 
the  washing  away  of  large  spoil  banks  so  placed  as  not  to  be  beyond 
the  limits  of  flood  waters.**  In  many  instances  culm  and  other  mine 
refuse  have  been  placed  in  large  piles  at  points  close  to  breakers  or 
washeries  for  the  express  purpose  of  temporary  storage  pending  re- 
covery and  shipment  of  small  sizes  of  coal.  Within  the  last  de- 
cade anthracite  practice  has  been  improved  to  meet  a  steadily 
widening  market  for  the  small  sizes,  millions  of  tons  of  which  had 
for  many  years  been  stored  in  huge  piles  and  had  been  considered 
as  practically  waste.  In  the  reclamation  of  these  piles,  there  is  left 
as  refuse  only  such  culm  as  will  pass  through  a  screen  with  openings 
of  three  thirty-seconds  of  an  inch,  or  in  some  instances  of  three 
sixty-fourths  of  an  inch. 

The  fine  refuse  embraced  in  the  coal  loss  is  deposited  on  the  sur- 
face or  is  hydraulicked  into  the  mine  workings.  If  it  is  deposited 
on  the  surface  by  the  hydraulic  method,  the  usual  practice  requires 
that  a  timber-and-dirt  dam  be  constructed  to  contain  it,  or  that  the 
depressed  area  be  inclosed  by  a  bank  of  rock  or  breaker  refuse. 
When  the  material  has  been  deposited  the  height  of  the  reservoir 
walls  can  be  increased  3  or  4  feet  by  banking  up  the  deposited  mate- 
rial. The  water  draining  from  the  filler  may  be  collected  at  some 
convenient  point  and  re-used  in  the  breaker  or  washery  or  allowed  to 
run  off. 

•  Report  of  PennsylTania  commission  appointed  to  investigate  the  waste  of  coal  mining 
with  the  Tlew  to  the  utiliaation  of  the  waste,  1893,  p.  134. 
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FILLING  FLAT  WORKINGS. 

Hydraulic  mine  filling  in  flat  workings,  or  workings  of  less  than 
10  degrees  inclination,  is  the  most  difficult  to  perform,  and  is  the 
most  expensive.  Filling  in  such  workings  must  be  done  almost  en- 
tirely by  the  use  of  pipes ;  therefore  great  care  must  be  exercised  to 
provide  a  supply  of  water  at  all  times  sufficient  to  transport  the 
material  through  the  pipe  lines.  The  official  in  charge  should 
possess  some  knowledge  of  the  working  principles  of  hydraulics. 
The  proper  size  of  the  transport  pipes  should  receive  special  study. 
For  example,  if  the  amount  of  material  to  be  hydraulicked  is  less 
than  200  cubic  yards  per  day  of  9  hours,  and  if  the  cost  of  handling 
water  is  comparatively  high,  it  may  be  possible  to  economize  on  the 
quantity  of  water  and  to  conduct  satisfactory  filling  with  4-inch  pipe, 
especially  if  the  pipe  line  is  required  to  conform  to  an  iregular  pro- 
file and  if  the  mean  effective  hydraulic  head  is  high  enough  to  keep 
the  pipe  line  clear.  For  lower  mean  effective  hydraulic  head,  for  a 
larger  quantity  of  material,  and  for  varying  grades  obviously  a  pipe 
of  larger  diameter,  say  6  or  8  inches,  must  be  used. 

To  avoid  blockages,  it  is  essential  to  maintain  the  pipe  line  so 
that  the  filler  will  flow  through  at  the  greatest  possible  velocity. 
A  good  practice  is  to  allow  the  water  to  flow  through  the  pipe  line 
for  at  least  10  minutes  before  the  filler  is  introduced  and  for  a 
sufficient  time  at  the  close  of  a  day's  operations  to  insure  all  filler 
being  out  of  the  line. 

WATICB  BEQUIBED. 

It  is  obvious  that  the  quantity  of  water  required  is  dependent  on 
the  mean  effective  hydraulic  head ;  the  proportion  of  water  varies  from 
50  to  90  per  cent,  depending  on  the  grade  of  the  line  and  the  nature 
of  the  filling  material.  Naturally  the  steeper  the  grade  the  less 
water  is  required.  In  general  practice  the  proportion  of  water 
approximates  90  per  cent  of  the  total  volume  passing  through  the 
line," 

DISTBIBtrnON  OF  FILLER. 

One  of  the  most  essential  conditions  in  hydraulic  mine  filling, 
especially  in  filling  flat  workings,  is  absolute  control  of  the  flow 
until  the  filler  reaches  the  desired  point  of  deposit  Qood  practice 
requires  that  the  pipe  line  be  laid  to  this  point,  no  allowance  being 
made  for  flow  in  the  chambers.  This  method  will  guard  against 
the  dangers  of  "rushes,"  with  a  consequent  possible  loss  of  output 
or  life  if  the  filling  is  being  conducted  in  workings  on  a  "live"  lift 

•  Wilson,  H.  M.,  Irrigation  engineering,  reTised  edition,  1910,  pp.  61-69,  388-344. 
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accomplished  oy  constructing  Dranch  pipe  lines  into  dinerent  sec- 
tions of  the  mine  workings  previously  prepared  to  receive  the  filling 
material,  so  that  it  will  be  possible  to  divert  the  flow  from  one  sec- 
tion to  another  at  stated  intervals  or  upon  short  notice.  The  practice 
of  continuous  filling  in  one  section  is  to  be  discoiu'aged,  as  the  best 
results  are  obtained  only  by  allowing  from  15  to  18  hours  to  elapse 
after  200  to  400  cubic  yards  has  been  deposited,  so  that  proper  seep- 
age can  take  place  before  another  quantity  is  deposited. 

To  allow  for  refilling  or  supplementary  filling,  a  period  of  two 
weeks  should  elapse  before  the  filler  pipe  line  is  withdrawn  from 
any  section  considered  filled  by  the  first  filling.  The  filler  will 
shrink  from  1  to  10  per  cent  during  the  seeping  period.    (PI.  I.) 

In  all  horizontal  places  or  places  of  low  dip  overflow  or  "  telltale  '* 
pipes  should  be  so  placed  as  to  indicate  by  discharge  when  the  filler 
deposited  has  reached  the  roof  at  the  highest  point  in  those  places. 

LABOR   BEQUIBEO. 

The  working  force  necessary  satisfactorily  to  operate  the  filler  line 
is,  roughly  speaking,  one  man  for  the  surface,  one  man  to  patrol 
each  1,000-foot  length  of  operating  pipe  line,  and  one  man  to  inspect 
pipe  discharge,  filler  deposit,  and  seepage.  The  underground  force 
can  also  look  after  the  drainage  watercourses  leading  to  the  sump. 

VENTILATION. 

The  proper  ventilation  of  mine  workings  while  being  filled  requires 
more  attention  than  is  usually  accorded  that  feature.  Ventilation  is 
especially  important  in  mines  where  explosive  gases  are  generated. 
If  filling  is  conducted  on  the  individual  system,  means  for  allowing 
the  escape  of  air  from  behind  the  bulkheads  should  be  provided,  thus 
preventing  dangerous  accumulations  of  explosive  gases.  Means 
should  also  be  provided  for  carrying  away  the  heat  and  moisture 
usually  given  off  during  the  shrinkage  of  filler  consisting  of  anthra- 
cite culm.  Where  excessive  amounts  of  dangerous  gases  are  evolved 
it  is  advisable  to  conduct  filling  on  the  panel  system  so  as  to  permit 
circulation  of  air  around  the  entire  area  to  be  filled.  If  none  of  the 
above  precautions  is  practicable  it  may  be  possible  to  extend  the 
drainage  troughs  in  such  a  manner  that  they  can  be  utilized  for  ven- 
tilation purposes.  Direct  connection  may  be  made  to  the  return  air 
course  or  to  a  split  air  current  either  on  the  return  or  the  intake  side. 
A  "  booster  "  fan  driven  by  steam,  compressed  air,  or  electricity  has 
been  found  very  serviceable. 
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BESPAGB. 


The  drainage  of  the  seepage  water  from  the  filling  material 
deposited  requires  careful  attention  so  that  the  least  possible  amount 
of  filler  shall  be  carried  away  in  suspension.  The  very  fine  material, 
called  sludge,  that  escapes  from  the  deposited  mass  generally  con- 
sists of  the  particles  essential  to  perfect  cementation.  Great  care 
should  be  exercised  to  retain  the  sludge  in  the  body  of  the  mass, 
instead  of  allowing  it  to  seep  out  and  cause  troublesome  accumula- 
tions in  the  main  sumps.  Proper  seepage  will  not  take  place  if  the 
filler  is  deposited  continuously  or  at  frequent  intervals,  but  it  is  ob- 
tained to  a  satisfactory  degree  if  filler  is  deposited  only  during 
periods  not  exceeding  four  hours. 


GENBaAL  BEHABKS. 


As  previously  stated,  the  practice  of  filling  flat  workings  by  con- 
tinuous flow  should  be  discouraged  for  several  reasons.  The  most 
important  of  these  are:  (1)  The  filling  is  incomplete  both  horizon- 
tally and  vertically;  (2)  the  workings  can  not  be  properly  ventilated 
while  filling  is  in  progress;  and  (3)  improper  seepage  takes  place. 
These  objections  are  eliminated  to  a  great  extent  by  using  either  the 
individual  or  the  panel  system  previously  described. 

There  is  opportunity  for  general  improvement  of  the  present  sy£?- 
tern  of  preparing  mine  workings  for  filling.  The  change  most  essen- 
tial is  in  the  manner  of  opening  chambers  and  of  driving  crosscuts. 
New  chambers  should  be  opened  as  narrow  as  possible,  allowing  only 
sufficient  room  for  ventilation  and  necessary  car  clearance.  The 
opening  width  of  the  room  neck  might  be  reduced,  for  a  distance 
equal  to  the  width  of  the  opening,  to  about  two-thirds  that  of  the 
regulation  width  of  chamber,  thereby  decreasing  the  cost  of  bulk- 
head construction  by  at  least  one-third  and  providing  better  condi- 
tions for  reopening. 

FILLING  CHUXE  WORKINGS. 

Chute  workings — that  is,  workings  where  the  inclination  ranges 
between  10°  and  25° — as  a  rule  are  free  from  gas  accumulations 
except  along  the  axis  of  an  anticline ;  therefore,  the  danger  from  gas 
is  practically  negligible  and  the  panel  system  may  be  discarded  for 
either  the  individual  or  tho  collective  system,  depending  on  the 
degree  of  efficiency  desired.  The  comparative  advantage  in  cost  lies 
in  the  smaller  number  of  bulkheads  required  and  the  great  saving  in 
pipes  or  troughs. 
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A.     GANGWAY  CUT  THROUGH  CULM  FLUSHING,  OXFORD  MINE. 


B.     GANGWAY  CUT  THROUGH  FLUSHING,  CULM  STANDING  AS  A 
VERTICAL  SELF-SUSTAINING  WALL.  OXFORD  MINE. 


Digitized  by  LjOOQIC 


Digitized  by  LjOOQIC 


FILUira  DIFFEBENT  GLASSES  OF   W0BKING6.  61 

WATEB  BBQUIBED. 

Considerably  less  water  is  required  in  chute  workings  than  in  flat 
workings  to  carry  the  filler  to  the  point  of  deposit.  In  many  mines 
a  propoilion  of  water  as  low  as  60  per  cent  is  sufficient  if  the  profile 
is  not  too  irregular  and  the  mean  effective  hydraulic  head  is  com- 
paratively high. 

DISTRIBUTION   OF   FILLER. 

In  the  distribution  of  filler  the  usual  practice  is  to  construct  a  pipe 
line  along  the  airway  of  the  gangway  or  lift  next  higher  than  the 
section  to  be  filled  (fig.  12,  lines  A,  B,  C,  D,  and  E),  or  if  there  is  an 
impregnable  chain  pillar  between  the  chamber  faces  and  the  next 
higher  lift  or  level,  the  pipe  line  is  led  through  the  headings  or  cross- 
cuts at  the  face  of  the  chamber  of  the  filling  lift.  If  the  section  to  be 
filled  consists  of  more  than  five  chambers,  T  connections  with  valves 
are  placed  at  intervals  of  five  chambers,  for  instance,  at  the  third, 
eighth,  thirteenth,  etc.  (fig.  12,  line  A),  the  pipe  line  being  made  long 
enough  to  supply  at  least  three  groups  of  five  chambers  each.  When 
filling  is  started  and  the  number  of  chambers  ready  to  receive  the 
filler  is  greater  than  15  the  filler  may  be  conducted  from  the  various 
connections  for  half-shift  periods.  In  the  case  of  the  workings  shown 
in  figure  12  the  extreme  inside  section  (chamber  13)  and  the  adjoin- 
ing section  (chamber  8)  should  preferably  receive  filler  the  first  day. 
The  following  day  filler  should  be  placed  in  the  extreme  outside 
(chamber  3)  and  the  second  adjoining  section  (chamber  13),  and  so 
on.  This  shifting  allows  each*  section  to  drain  for  20  or  more  hours 
before  filler  is  again  deposited  in  it.  The  filler  may  be  discharged 
from  the  T  connection  at  the  face  of  the  chamber  and  a  ditch  or 
channel  through  the  loose  dirt  may  be  dug  by  shovel  all  the  way  to 
the  bulkheads,  thus  saving  the  cost  of  pipe  or  trough.  Under  such 
conditions  is  is  possible  in  the  individual  or  panel  systems  to*  fill 
fairly  satisfactorily  five  chambers  from  the  bulkheads  to  the  point  of 
discharge.  Complete  filling,  or  refilling  after  seepage  from  first 
filling  has  stopped,  can  be  done,  after  all  chambers  have  been  filled  as 
previously  outlined,  by  having  the  pipe  line  discharge  at  the  highest 
point  in  the  entrance  to  that  section  (five  chambers),  bearing  in  mind 
the  necessity  of  recovering  all  the  pipe  in  that  section. 

If  the  collective  system  is  employed  and  another  section  is  not 
available  for  filling,  the  pipe  line  should  be  so  constructed  as  to  per- 
mit the  discharge  of  filler  at  intervals  of  10  chambers,  the  first  point 
of  discharge  being  at  the  fifth  chamber  in,  the  second  point  of  dis- 
charge at  the  fifteenth  chamber  in,  and  so  on. 

The  filler  shrinks  considerably  during  the  seeping  period,  and  to 
permit  refilling  or  supplementary  filling  a  period  of  two  weeks 
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should  elapse  before  the  filler  pipe  line  is  withdrawn  from  any  sec- 
tion considered  filled  by  the  first  filling. 

In  figure  12  the  figures  along  the  pipe  lines  A,  B,  etc.,  refer  to  the 
mining  periods,  the  figures  1,  1;  1,  etc.,  referring  to  the  first  mining, 
2,  2, 2  to  second,  etc.    The  arrows  indicate  the  direction  of  the  mining. 

LABOS    REQX7IBED. 

The  working  force  for  operating  the  filler  line  for  chute  workings 
generally  consists  of  one  man  on  the  surface,  one  man  to  patrol  each 
1,500  feet  of  operating  line,  and  one  man  to  direct  the  pipe  discharge, 
the  chamber  flow,  the  deposit  of  filler,  and  the  seepage.  The  under- 
ground force  also  looks  after  the  drainage  water  courses, 

VENITLATION. 

If  pillar  mining  is  to  follow  the  filling  of  chambers,  it  is  advisable 
to  utilize  the  inside  or  line  chamber  and  the  airways  to  the  gangway 
as  air  courses.  This  can  be  done  by  constructing  bulkheads  in  the 
crosscuts  between  the  two  chambers  farthest  in  and  between  the  gang- 
way and  the  airway.  The  general  practice  is  to  maintain  the  gang- 
way and  the  airway  as  intakes  ai^d  the  inside  or  line  chamber  as  the 
return-air  course  of  all  lifts.  The  volume  of  air  passed  should  be 
kufficient  to  carry  off  gas  and  keep  the  temperature  from  rising  too 
high. 

SEEPAGE. 

Careful  attention  should  be  given  to  the  character  of  the  seepage. 
This  will  depend  on  the  construction  of  the  bulkheads  and  the  system 
of  depositing  the  filler.  It  should  be  borne  in  mind  that  the  fine  par- 
ticles often  carried  away  in  suspension  in  the  run-off  water  are  very 
necessary  for  the  -most  efficient  cementation  of  the  filler  and  should 
be  retained  therein.  Rivulets  or  freely  flowing  streams  should  be 
guarded  against,  as  they  are  the  surest  source  of  breaks  or  leaks  in 
•bulkheads.  The  ends  of  drainage  troughs  should  be  provided  with 
strainers  made  of  brattice  cloth  or  canvas. 

GENERAL  BEMABKS. 

The  general  remarks  under  the  section  entitled  "Filling  Flat 
Workings  "  apply  equally  to  the  filling  of  chute  workings,  except  that 
in  chute  workings  filling  by  unrestricted  flow  is  decidedly  more  effi- 
cient than  in  flat  workings,  but  the  practicability  of  its  adoption 
under  any  given  conditions  should  be  established  by  careful  study. 
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The  hydraulic  filling  of  workings  in  which  the  inclination  exceeds 
25°  is  less  difficult  than  that  of  flat  or  chute  workings  and  the  method 
of  depositing  the  material  is  much  less  expensive.  Fewer  bulkheads 
need  be  constructed  and  less  attention  to  chamber  flow  is  required. 
The  most  satisfactory  system  of  mine  filling  is  that  which  allows 
inspection  from  the  point  of  introduction  to  the  point  of  discharge. 
This  is  possible  where  shafts  or  slopes  form  the  connection  between 
the  mine  workings  and  the  surface.  When  the  filler  is  introduced 
through  crop  falls  or  cave  holes  and  is  allowed  to  flow  by  gravity  it 
will  be  unconfined  and  neither  the  places  where  it  is  being  deposited 
nor  the  solidity  of  the  filling  will  be  known.  The  practice  should  be 
discouraged. 

WATEB  BEQUIBED. 

When  the  workings  are  comparatively  open  the  quantity  of  water 
required  varies  from  40  to  90  per  cent  of  the  total  volume. 

DISTRIBUTION    OF    FILLER. 

The  distribution  of  the  filler  may  be  accomplished  by  means  of 
pipes  and  pressure  in  flat  parts  of  the  workings  and  by  means  of 
troughs  in  inclined  places.  The  pipes  may  be  of  wood,  wrought  iron, 
cast  iron,  or  steel,  with  various  modifications.  The  troughs  may  con- 
sist of  ordinary  boards  or  planks  nailed  together,  usually  in  the  shape 
of  a  Vj  or  of  half-round  terra-cotta  or  cast-iron  sections.  Sheet-iron 
plates  bent  square,  hexagonal,  V  shape,  or  half  round  have  been  suc- 
cessfully employed.  The  use  of  troughs  is  neither  popular  nor  eco- 
nomical unless  the  grade  is  rather  steep — that  is,  greater  than  10° — 
and  a  large  quantity  of  water  is  available.  ^ 

The  general  practice  is  to  conduct  all  filler  through  metal  or 
wooden  pipe  to  the  point  of  discharge  in  the  chambers,  the  distribu- 
tion being  generally  the  same  as  that  previously  outlined  for  chute 
workings.  The  filler  may  be  conducted  through  mine  workings  in 
wood,  metal,  or  earthen  troughs  if  there  is  no  ascending  grade  in  the 
line.  Filler  has  been  conducted  along  old  drainage  ditches  and 
through  chambers  to  desired  sections  with  considerable  success. 
Usually  only  such  bulkheads  are  constructed  as  are  necessary  to  con- 
fine the  district  and  to  provide  proper  openings  for  ventilation  and 
drainage  for  other  parts  of  the  mine  as  well  as  for  the  district  being 
fiUed. 

The  collective  and  panel  systems  are  used  almost  exclusively.  The 
choice  between  these  systems  is  dependent  on  the  physical  condition 
pf  the  workings.    Mine  filling  as  a  rule  i§  not  und^^eji  until  ^ 
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comparatively  long  time  has  elapsed  after  the  first  mining,  and  con- 
sequently many  large  areas  of  workings  may  be  practically  inacces- 
sible on  account  of  falls,  caves,  or  squeezes.  Under  such  conditions 
it  is  necessary  to  introduce  the  filler  in  such  manner  as  will  insure 
the  most  efficient  distribution  and  filling.  It  is  therefore  advisable 
to  have  several  points  of  discharge  in  a  district,  and  thereby  increase 
the  possibilities  of  completely  filling  around  the  falls  and  caves.  For 
filling  under  such  conditions  considerably  larger  quantities  of  water 
are  required  than  are  necessary  under  ordinary  conditions. 

If  possible,  filling  should  start  in  the  lowest  lifts  and  progress 
toward  the  higher  workings.  Where  final  filling,  or  filling  after  the 
pillars  have  been  mined,  is  conducted,  the  final  step  in  filling  a  given 
section  of  the  mine  should  be  the  filling  of  the  air  course. 

LABOB  BBQtriBO). 

The  working  force  necessary  to  operate  a  filler  line  under  the 
difficulties  of  pitch  workings  should  be  approximately  as  follows: 
One  man  to  attend  to  the  surface  arrangement,  one  patrolman  for 
every  1,000  feet  of  line  (two  men,  if  troughs  are  used),  at  least  two 
men  to  direct  the  flow  of  the  filler  in  the  chambers,  and  one  man  to 
look  after  the  drainage  water  flowing  from  the  bulkheads  to  the  sump. 
The  man  looking  after  the  drainage  may  be  placed  in  charge  of  the 
filling  operations. 

VENTILATION. 

In  pitch  workings  where  inflammable  gases  are  generated,  and 
where  pillar. mining  is  to  follow  the  filling,  it  is  a  safe  practice  to 
maintain  one  of  the  chambers  as  an  air  course  despite  the  general 
tendency  of  the  inflammable  gases  to  accumulate  at  the  higher  ele- 
vations. The  air  course  may  be  established  by  constructing  sub- 
stantial bulkheads  in  crosscuts  and  other  openings  connecting  with 
the  permanent  air  courses. 

BEEPAQE. 

The  question  of  seepage  under  conditions  encountered  in  pitch 
workings  is  of  the  greatest  importance  and  demands  careful  study 
and  consideration.  The  first  consideration  should  be  the  thorough 
draining  off  of  water  after  the  filler  has  been  deposited.  The  most 
satisfactory  method  is  by  means  of  draining  troughs  with  strainers, 
as  previously  described.  If  proper  seepage  is  thus  insured,  exces- 
sive pressures  due  to  the  hydrostatic  head  of  the  plastic  mass, 
which  endanger  the  stability  of  the  bulkheads  and  may  endanger  the 
lives  of  the  workmen  in  lower  levels,  are  avoided.  Proper  seepage, 
including  the  prevention  of  loss  of  fine  particles,  will  insure  perfect 
cementation  of  the  filler,  thereby  insuring  the  greatest  supporting 
value.    Such  cementation  is  especially  important  in  order  that  the 
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The  drainage  water  from  the  filler  should  be  conducted  along 
abandoned  haulage  ways^  or  airways,  or  through  old  chambers,  to 
the  permanent  sump.  If  this  is  impracticable,  the  drainage  water 
may  possibly  be  collected  at  some  convenient  point  outside  of  the 
place  of  deposit,  and  be  conducted  in  pipes  down  the  pitch,  and  if 
necessary,  a  considerable  distance  upgrade  to  the  regular  or  perma- 
nent sump.  This  will  avoid  serious  erosion  along  traveling  ways 
and  haulage  ways,  and  guard  against  possible  large  accumulations 
of  water  which  might  be  a  source  of  considerable  damage. 


GENEBAL  REMARKS. 


The  general  remarks  under  the  section  entitled  "  Filling  Chute 
Workings  "  are  applicable  to  "  pitch  "  workings.  A  special  caution 
should  be  observed,  however,  in  the  adoption  of  unrestricted  filler 
flow.  This  is  particularly  dangerous  when  the  filler  has  been  de- 
posited in  a  chamber  from  the  bulkhead  in  the  first  crosscut  to  the 
adjoining  vacant  chamber.  In  the  crosscuts,  as  a  rule,  temporary 
wooden  stoppings  are  constructed  for  the  control  of  the  ventilation 
current;  frequently  the  crosscuts  are  partly  blocked  with  "  chipping  " 
coal  or  with  small  falls  of  roof.  The  stoppings  or  blockages  may 
cause  the  filler  to  accumulate  and  the  hydrostatic  pressure,  as  soon 
as  it  becomes  great  enough,  may  cause  the  mass  to  break  through, 
rush  down  the  vacant  chamber,  and  strike  the  bulkhead  with  great 
force,  disastrously  affecting  the  operation  of  the  mine  and  even 
causing  loss  of  life  among  workmen  in  the  lower  levels. 

Sedimentation  of  the  filler  in  pitch  workings  is  practically  perfect. 
The  filler  is  usually  deposited  so  compactly  as  to  make  refilling  or 
supplementary  filling  practically  unnecessary  until  pillar  mining  is 
undertaken. 

EFFECT  OF  HYDRAULIC  MINE  FILUNG  ON  VENTILA- 
TION AND  DRAINAGE. 

The  ventilation  and  the  drainage  of  a  mine  are  directly  influenced 
by  the  filling.  The  entire  ventilation  is  improved  by  the  general 
filling  of  old  workings.  In  unfilled  workings  air  stoppings,  if  made 
of  wood,  rot  and  become  leaky,  the  constant  partial  combustion 
of  carbonaceous  matter  evolves  considerable  carbon  dioxide  gas, 
and  the  coal  itself  takes  up  oxygen.  Such  conditions  are  highly 
objectionable.  Furthermore,  through  the  filling  of  chambers  and 
entries  the  frictional  resistance  to  the  air  current  may  be  greatly 
diminished,  thus  allowing,  with  the  same  water  gage,  a  much  larger 
quantity  of  air  to  be  circulated  through  the  mine;  provided,  of 
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course,  that  the  main  upcast  or  downcast  is  of  larger  cross-sectional 
area  than  the  main  mine  air  course.  The  ventilating  pressure  neces- 
sary is  considerably  decreased  by  the  filling  of  the  *'*'  dip  "  workings. 
The  drainage  of  a  mine  is  often  seriously  affected  by  the  introduc- 
tion of  mine  filling.  Water  courses  must  be  changed  so  as  to  obtain 
steeper  grades,  or  the  water  must  be  piped,  because  the  increased 
proportion  of  solids  carried  in  suspension  causes  frequent  accumula- 
tions that  threaten  the  flooding  of  haulage  roads  or  pumping  sta- 
tions. Special  provision  must  be  made  to  intercept  and  to  remove 
as  much  sediment  from  the  water  as  is  possible  before  it  enters  the 
sump  (fig.  13,  detail  sections).  In  most  instances  the  introduction 
of  hydraulic  mine  filling  requires  additional  pumping  facilities.  If 
the  water  contains  acids,  special  wood  or  cement  lined  pipes  and 
pump  parts  are  required.  On  the  other  hand,  when  an  inadequate 
pumping  plant  is  replaced  by  one  of  the  requisite  capacity,  the  total 
cost  of  handling  the  mine  water  is  often  materially  reduced. 

PBEVENTION  OF  ACGTJlITJIiATIONS  OF  OAS  AND  BUST. 

Next  to  the  reclamation  of  coal  in  pillars  probably  the  greatest 
advantage  that  can  be  claimed  in  favor  of  mine  filling  is  the  resulting 
prevention  of  dangerous  accumulations  of  gas  and  dust  in  the  dry 
old  workings  of  a  mine  where  such  accumulations  may  seriously 
jeopardize  its  safe  operation. 

Accumulations  cf  inflammable  gas  in  whatever  quantity  are 
dreaded  by  all  miners.  It  is  serious  enough  when  sudi  accumula- 
tions occur  in  readily  accessible  places,  but  to  have  them  occur  in  old 
workings,  practically  inaccessible  on  account  of  falls  and  caves,  is 
a  cause  of  deep  concern  to  every  mine  worker  and  official.  By  careful 
management  serious  accumulations  have  been  removed  by  displace- 
ment with  filler  in  mines  where  removal  by  ventilaticm  would  have 
entailed  enormous  expense  in  clearing  caves  and  in  reconstructing 
air  courses.  The  removal  of  such  accumulations  is  not  an  easy  mat- 
ter under  favorable  circumstances,  especially  when  the  gas  mixture 
has  been  stagnant  for  some  time  and  partial  stratification  has  taken 
place.  Numerous  explosions  of  gas  have  resulted  from  accumula- 
tions in  unsuspected  places  as  a  result  of  falls  of  roof  or  caves  block- 
ing the  air  currents  or  causing  permanent  stoppings  to  leak,  and  to 
short  circuit  the  air  current,  thereby  causing  insufficient  air  to  reach 
the  working  places  or  the  faces  of  the  air  courses. 

Accumulations  of  fine  inflammable  coal  dust  are  to  be  guarded 
against  as  dangerous.  Mine  filling  serves  to  reduce  to  a  minimum 
the  dust-collecting  surfaces  in  old  workings.  Accumulations  of  dust 
are  liable  to  become  active  propagating  agencies  in  the  event  of  an 
explosion,  so  that  any  practicable  method  of  eliminating  this  danger 
is  desirable. 
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perature  of  the  surrounding  atmosphere  has  been  noted,  particu- 
larly where  iron  pyrite  was  present  in  the  filler.  Although  such 
generation  of  heat  at  first  caused  considerable  alarm  as  possibly 
indicating  a  fire,  experience  has  demonstrated  that  it  has  a  beneficial 
result.  Owing  to  the  rise  in  temperature  from  the  heat  developed 
by  the  iron  pyrite  or  other  oxidizable  material,  the  humidity  of  the 
air  is  increased.  The  moisture  taken  up  by  the  air  is  condensed  in 
cooler  parts  of  the  mine,  and  helps  to  keep  the  dust  there  from 
becoming  dry. 

Practically  the  only  gases  caused  by  mine  filling  are  carbon  dioxide 
(black  damp),  carbon  monoxide  (white  damp),  and  hydrogen  sul- 
phide (stink  damp).  In  most  mines  the  quantities  are  so  small  that 
they  can  not  be  detected  by  chemical  analysis,  and  in  general  they 
may  be  said  to  be  negligible. 

DBAINAQE  SYSTEM  BEQUIBED. 

When  hydraulic  mine  filling  is  practiced,  a  well-planned  and  well- 
equipped  drainage  system  is  essential.  Not  infrequently  the  amount 
of  mine  filling  is  restricted  by  the  quantity  of  water  the  existing 
pumping  equipm^it  will  handle.  On  a  sound  business  basis,  how- 
ever, additional  facilities  should  be  provided,  even  though  the  cost 
may  amount  to  thousands  of  dollars. 

Drainage  is  considered  under  three  headings,  as  follows :  ( 1 )  Water- 
course to  sump;  (2)  pumping  equipment;  and  (3)  sump  cleaning. 

WATERCOURSE   TO   SUMP. 

The  course  along  which  the  water  draining  from  the  filler  must 
flow  on  its  way  to  the  main  or  an  auxiliary  sump  should  receive  care- 
ful attention.  The  water  should  be  so  conducted  as  to  offer  the 
least  hindrance  or  possibility  of  danger  to  the  operation  of  the  mine. 
Where  there  is  a  sufficient  continuous  grade,  the  water  may  be  con- 
fined to  ordinary  mine-dirt  or  mine-rock  channels.  Where  the  grade 
is  less,  wood  or  terra-cotta  troughs  may  be  employed  to  advantage, 
particularly  where  blockage  of  the  ditch  or  channel  may  cause 
serious  accumulations  of  water  and  fine  filler,  which,  when  suddenly 
released,  cause  serious  washouts  or  floods  on  traveling-ways  or  haul- 
age-ways. To  guard  against  such  danger,  wood  pipe  or  secondhand 
metal  column  pipe  may  be  used  to  conduct  the  water  beyond  points 
of  probable  blodcage.  Pipe  is  also  used  to  conduct  water  across 
basins,  "  swamps,"  or  other  depressions. 
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fig.  18).    By  sedimentation  a  considerable  part  of  the  fine  material 
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Still  held  in  suspension  by  the  water  is  eliminated.  At  intervals  of 
inactivity  the  basins  may  be  cleaned  and  the  sludge  loaded  directly 
into  cars,  flushed  into  water-tight  cars,  or  flushed  into  the  mine  work- 
ings on  lower  levels.    The  dams  of  the  settling  basins  may  be  of 
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plank,  stone,  brick,  or  concrete.  They  usually  are  Cfonstructed  so  as 
to  fill  one-half  of  the  opening  along  the  lowest  rib.  This  height 
allows  cheap  and  convenient  cleaning. 

PUMPING   EQUIPMENT. 

If  the  lift  to  the  surface  is  less  than  500  or  600  feet  from  the  main 
pump  and  the  mine  opening  is  not  a  shaft,  the  water-handling  equip- 
ment generally  consists  of  duplicate  or  triplicate  units,  either  elec- 
trically driven  or  high-duty,  triple-expansion,  steam  or  compressed- 
air  pumps  located  at  the  central  drainage  sump,  generally  near  the 
foot  of  the  shaft,  slope,  or  water-discharge  bore  hole.  There  are  also 
in  use  many  steam-operated  and  a  few  electrically  driven  water 
hoists.  The  water  ends  of  pumps  and  the  tanks  of  water  hoists  are 
constructed  of  various  acid-resisting  metals.  Pump  valves  and 
water  barrels  are  also  lined  with  cement  and  wood.  Where  com- 
paratively little  sediment  is  present  in  the  sump  water,  the  regular 
plunger  type  of  pump  is  used.  Where  the  water  contains  consider- 
able sediment  the  piston  type  of  pump  is  preferable. 

SUMP  CLEANING. 

Sump  cleaning  always  presents  a  serious  problem  and  is  generally 
expensive.  Where  the  main  central  sump  is  located  above  the  lowest 
working  levels,  cleaning  is  greatly  simplified  by  driving  a  narrow 
opening  through  the  chain  pillar  and  constructing  a  substantial 
masonry  dam  in  the  opening  (E,  fig.  13).  A  10-inch  pipe  with  valve 
and  blank  flange  should  extend  through  the  dam  in  the  middle  near 
the  bottom.  A  pipe  line  may  be  laid  to  connect  this  pipe  to  vacant 
openings  (F,  fig.  13).  When  the  sump  needs  cleaning,  the  accumu- 
lation of  sludge  is  stirred  by  means  of  shovels  or  hoes,  the  blank 
flange  is  removed,  the  pipe  line  is  connected,  the  valve  is  opened,  and 
the  entire  sediment  is  easily  and  quickly  flushed  out.  If  the  sump  is 
so  located  as  to  make  impracticable  the  method  above  outlined,  a 
wooden  track  for  mine  cars  is  constructed  to  the  lowest  accessible 
point  in  the  smnp,  and  after  the  sump  has  been  drained  as  much  as 
possible,  men  shovel  the  sediment  into  cars,  haul  it  to  other  parts  of 
the  mine,  and  unload  it  into  old  workings. 

COST  OF  HYDRAULIC  MINE  FILLING. 

The  conditions  under  which  hydraulic  mine  filling  is  conducted 
are  extremely  variable,  and  statements  of  cost  must  necessarily  be 
prefaced  with  the  remark  that  the  geological  and  physical  charac- 
teristics of  a  mine  greatly  influence  and  may  determine  the  ultimate 
cost  of  filling  its  workings. 
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^Folds  and  faults  may  make  the  slope  of  the  filler  pipe  lines  less 
than  the  hydraulic  gradient,  thus  preventing  filling  by  gravity  and 
necessitating  the  pumping  of  the  material.  As  a  rule,  the  physical 
condition  of  old  or  practically  abandoned  mine  workings  consider- 
ably increases  the  cost  of  transporting  materials  and  of  constructing 
bulkheads  and  pipe  lines.  In  the  summaries  presented  below,  the 
estimates  given  are  based  on  the  present  cost  of  labor  and  materials 
in  the  anthracite  region. 

SURFACE  TBANSPOBTATIOK. 

Hydraulic  mine  filling  with  culm  commences  at  the  breaker  or 
washery,  and  therefore  the  detailed  discussion  of  cost  logically 
begins  at  that  point. 

Surface  transportation  may  be  divided  into  two  general  classes: 
(1)  Gravity  and  (2)  mechanical.  In  one  the  filler  and  water  flow 
by  gravity  to  the  beginning  of  the  intermediate  system,  in  the  other 
the  filler  and  water  are  conveyed  from  some  common  point  at  the 
breaker  or  washery  to  the  intertnediate-transportation  system  by 
either  pumps,  elevators,  scraper  or  conveyer  lines,  or  cars. 

The  cost  of  surface  transportation  depends  largely  on  local  con- 
ditions. If  the  filler  is  only  such  refuse  as  results  from  screening  and 
washing  coal  and  will  flow  by  gravity  to  the  intermediate-transpor- 
tation system,  the  cost  will  vary  from  1  to  IJ  cents  per  cubic  yard. 
If  to  the  screenings  and  washery  refuse,  boiler  ashes  and  crushed 
breaker  rock  are  added,  to  the  cost  given  must  be  added  the  cost  of 
crushing,  which,  including  running  expenses  and  depreciation  charge^ 
varies  from  3  to  4  cents  per  cubic  yard,  making  the  total  cost  of 
gravity  transportation  4  to  5^  cents  per  cubic  yard. 

If  the  refuse  is  conveyed  by  a  conveyer  or  scraper  line  to  dump 
cars  and  hauled  in  cars,  an  additional  charge  of  3^  to  4i  cents  per 
cubic  yard  must  be  added  to  the  above.  If  instead  of  being  handled 
by  the  scraper  or  conveyer  and  the  durip  car,  the  filler  is  handled 
by  pump  through  pipe  lines  not  exceeding  500  feet  in'  length,  the 
total  cost  of  transporting  the  filler  to  the  intermediate-transportation 
system  should  not  be  greater  than  2J  to  4  cents  per  cubic  yard. 

The  cost  of  transporting  on  the  surface  local  sand,  gravel,  loam, 
and  clay,  none  of  which  requires  crushing,  should  not  exceed  14  cents 
per  cubic  yard.  The  cost  of  transporting  in  large  quantities  local 
quarried  material  that  can  be  handled  by  steam  shovel  and  sluiced  by 
gravity  from  the  crusher  to  the  intermediate-transportation  system 
will  be  30  to  40  cents  per  cubic  yard.  Such  quarried  material  must 
be  crushed  so  that  all  particles  will  pass  through  a  f -inch  screen.  If 
the  crusher  is  at  a  considerable  distance  from  the  intermediate-trans- 
portation system,  a  charge  of  0.4  cent  per  cubic  yard  for  every  500 
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J.  lie  Luttti  uubt  111  ueuiSj  v^*,  may  utr  t^Apresseu  uy  iiie  lumiuia: 


c=M+(^x4 


in  which  M  represents  the  cost  in  cents  of  the  material  as  it  comes 
from*  the  crusher,  and  D  represents  the  distance  in  feet  from  the 
crusher  to  the  intermediate-transportation  system. 

The  utilization  of  distant  material,  such  as  sand,  gravel,  loam,  or 
crushed  rock  and  slag,  that  might  be  brought  by  empty  coal  cars 
returning  from  points  outside  of  the  coal  fields  and  convenient  to  the 
railroads,  has  been  a  much-discussed  problem  among  able  mine  man- 
agers and  mining  engineers.  The  cost  of  the  material  at  th^  source, 
the  cost  of  loading  and  unloading,  and  the  freight  charges  constitute 
a  prohibitory  expense  under  existing  conditions.  The  freight  charge 
of  1  cent  per  ton  per  mile,  added  to  the  cost  of  the  material  and  the 
labor,  makes  the  use  of  distant  material  rather  a  remote  practica- 
bility unless  some  plan  of  transportation  can  be  evolved  that  will  be 
of  benefit  to  both  the  operator  and  the  transportation  company. 

It  must  be  borne  in  mind  that  most  of  the  railroads  traversing  the 
anthracite  region  depend  upon  the  coal  trade  to  furnish  from  20 
to  70  per  cent  of  their  total  freight  tonnage,  and  perhaps  it  may  yet 
be  possible  for  them  to  devise  favorable  freight  rates  for  filling 
material.  It  is  recognized  that  the  problem  of  freight  rates  is  far- 
reaching  and  must  be  approached  advisedly;  however,  until  some 
equitable  method  of  dividing  the  expense  can  be  worked  out,  mine 
filling  involving  long  transportation  of  the  filler  will  not  be  popular. 

COST  OF  INTEBHEDIATE  TBANSFOBTATION. 

Intermediate  transportation  commences  at  the  point  where  surface 
transportation  ends.  The  crudest  and  cheapest  mode  of  intermediate 
transportation  is  introducing  the  filler,  without  pipe,  through  crop 
falls,  cave  holes,  or  abandoned  shafts.  Practically  the  only  cost  con- 
nected with  this  method  is  that  of  preventing  the  blocking  of  open- 
ings with  filler  or  of  preventing  the  caving  of  the  side  walls. 

A  more  efficient,  and  consequently  more  expensive,  method  is  to 
introduce  the  filler  by  means  of  pipes,  either  in  shafts  or  slopes. 
This  entails  the  cost  of  a  pipe  line  and  its  maintenance.  Generally 
speaking,  the  lines  consist  of  wood-lined  cast-iron  pipe,  with  flange  or 
bell-and-spigot  connections,  or  wood-stave  pipe;  the  cost  of  handling 
filler  with  either  kind  of  pipe  is  about  the  same,  varying  from  one- 
fourth  to  one-half  cent  per  cubic  yard  of  filler  passed  through.  Each 
type  offers  desirable  advantages;  the  metal  pipe  possesses  greater 
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strength  to  withstand  shocks  by  roof  falls  or  runaway  cars,  and  the 
wood  pipe  possesses  the  advantage  of  being  in  shorter  and  lighter 
lengths.  Metal  pipe  is  seriously  attacked  by  acid  water,  whereas 
wood  pipe  is  practically  inunune  from  such  attack. 

Bore-hole  transportation  is  generally  employed  where  the  mouths 
of  slopes  or  shafts  or  other  mine  openings  are  above  the  drainage 
level;  that  is,  the  elevation  of  the  railroad  tracks  at  the  loading 
chutes.  It  is  by  far  the  least  expensive  method,  the  cost  varying 
from  one-tenth  to  two-tenths  of  a  cent  per  cubic  yard. 

COST  OF  UNDEBOBOUND  TRANSPOBTATION. 

Underground  transportation  may  for  convenience  be  divided  into 
three  classes:  (1)  That  in  which  the  fiUa*  is  allowed  to  flow  unc<»- 
fined;  (2)  that  in  which  troughs  are  used;  and  (3)  that  in  which 
pipes  are  used. 

The  cost  of  unconfined  flow  is  practically  negligible.  The  cost  of 
trough  transportation  varies  from  one-tenth  of  a  cent  per  cubic  yard 
for  wood  troughs  to  three-tenths  of  a  cent  for  metal  troughs.  The 
cost  of  pipe  transportation  per  unit  of  500  feet  varies  approximately 
as  follows: 

Kind  of  pipe.  Cost  per  cubic  yard,  ce&ts. 

Steel 0,30  to  0.35 

Wood 0.36  to  0.40 

Oast-iron 0.35  to  0.40 

Wrought-lron 0.40  to  0.45 

The  physical  and  chemical  properties  of  the  various  types  of  pipe, 
together  with  the  conditions  to  be  met,  must  determine  which  type 
will  be  the  most  economical  for  installation  in  a  given  mine. 

COST  OF  DISTBIBUTION. 

DISTRIBUTION   ON  THE  SURFACE. 

Distributing  the  filler  on  the  surface  entails  the  cost  of  conveying 
the  material  to  a  point  where  it  will  flow  by  gravity,  of  controlling 
the  flow,  and  oi  depositing  the  filler  at  or  near  the  bulkheads  or 
retaining  walls.  The  cost  of  handling,  as  stated  under  the  heading 
"  Surface  Transportation,''  varies  from  4  to  7  cents  per  cubic  yard ; 
to  this  must  be  added  1  to  IJ  cents  per  cubic  yard  for  flow  control, 
and  from  five-tenths  to  seven-tenths  of  a  cent  per  cubic  yard  for  bulk- 
head construction;  this  aggregates  a  cost  for  surface  distribution 
varying  from  5 J  to  9  cents  per  cubic  yard. 

DISTRIBUTION   IN   FI^AT  WORKINGS. 

The  cost  of  distribution  in  flat  workings  includes  attendance  and 
bulkhead  construction.  The  cost  of  attendance  varies  from  1  to  1^ 
cents  per  cubic  yard  of  filler  and  the  cost  of  bulkhead  construction 
from  6J  to  7J  cents  per  cubic  yard. 
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1}  cents  per  cubic  yard  for  attendance  and  from  11  to  12f  cents  per 
cubic  yard  for  constructing  bulkheads  for  individual  filling.  The 
cost  when  the  panel  or  the  collective  system  is  used  is  considerably 
less. 

DISTRIBUTION   IN    PITCH  WORKINGS. 

The  cost  of  distributing  filler  in  pitch  workings  varies  from  1  to 
li  cents  per  cubic  yard  for  attendance  and  from  18  to  26  cents  per 
cubic  yard  for  bulkheads,  depending  on  the  type  of  bulkheads  con- 
structed and  the  system  of  filling  employed.  The  cost  for  the  panel 
or  the  collective  system  is  considerably  less  than  for  the  individual 
system. 

COST  OF  DRAINAGE  AND  VENTILATION. 

The  cost  of  drainage  and  ventilation  in  connection  with  hydraulic 
mine  filling  is  difficult  to  determine  on  account  of  the  great  variety 
of  possible  contingencies.  The  item  of  controlling  the  drainage 
water  from  the  bulkhead  to  the  sump  is  a  simple  matter  in  so  far 
as  maintaining  the  drainage  pipes,  troughs,  or  ditches,  and  con- 
structing and  cleaning  the  settling  basins  is  concerned,  the  cost  vary- 
ing from  one-fourth  to  one-half  a  cent  per  cubic  yard  handled. 
The  cost  of  handling  the  water  used  for  transporting  the  filler  varies 
widely ;  if  the  usual  pumping  plant  can  easily  handle  the  additional 
water,  the  cost  is  comparatively  negligible,  varying  from  0.1  to  0J.5 
cent  per  cubic  yard,  but  if  additional  pumping  equipment,  such  as 
relay  pumps,  is  required,  the  cost  may  vary  from  IJ  to  8  cents 
per  cubic  yard  of  filler  deposited.  Under  favorable  geological  con- 
ditions the  drainage  from  several  adjoining  mines  may  be  collected 
into  a  common  sump  and  all  the  water  lifted  to  the  surface  by  hi^- 
^nty  pumps  or  by  water  hoists  at  considerably  less  cost  than  the 
fi|^res  quoted. 

The  cost  of  rearranging  ventilation,  if  rearrangement  is  necessary, 
is  practically  negligible;  if  there  is  any  appreciable  cost  it  is  over- 
balanced by  the  increased  volume  of  air  going  into  the  working 
places  and  by  the  lessened  frictional  resistance  so  that  the  item  may 
legitimately  be  charged  to  ventilation  in  the  regular  operating 
expense  of  the  mine. 

BECAPITTTLATION  OF  COSTS. 

A  recapitulation  of  the  costs  of  hydraulic  mine  filling  is  given  in 
the  table  following. 

For  surface  filling,  the  cost  of  depositing  breaker  refuse,  culm,  or 
ashes,  varies  from  5  to  9  cents  per  cubic  yard. 
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Recapitulation  of  cost  of  kudraulic  nUne  filling,^ 


Material. 


Surface  transpor- 
tation. 


Mechanical 


Interme- 
diBtetraii8> 
portation. 


Under- 
ground 
transpor* 
tation. 


Distributioa. 


Drain- 


TMri. 


Culm 

Culm  mined  with 

cnuhed    breaker 

and  boiler  refuse. 
Local  hjdranUcked 

sand,  foam,  gravel, 

olay,  etc. 
Iiocal  crushed  sand, 

loam,  gravel,  day, 

etc. 
Material  brought 

from  a  distance  in 

returning   empty 

ooaloari. 


l-lj 
4-6 


8-14 
80-40 


4J-6   21-4 
7|-10  5i-  8 


llJ.tt4W-16i 
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ArA 


A-H  A-A 

1-14 
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The  cost  of  the  ma- 
terial, loadine, 
freight,  unload- 
ing, preparing 
and  surface 
tnoisportatlon. 


1-lJ 


A-rV 


^rA 


7J-9 


12i-144 


14-27J 


A-A 


IM 


9A 


Ml 


,25  per  cent  should  be  added  to  each  cost  : 
above. 


1 I 


•  The  figures  in  this  table  represent  cents  per  cubic  yard  and  are  based  on  data  obtained  from  operating 
plants  with  a  capacity  of  at  least  400  eabio  yards  daily. 

CONCLUSION. 

In  concluding  this  preliminary  report  it  seems  fitting  to  refer  to 
the  lack  of  publicity  so  far  given  in  this  country  to  the  subject  of 
hydraulic  mine  filling.  Although  it  has  engaged  the  attention  of 
mining  men  for  many  years,  comparatively  little  has  been  published 
in  this  country  concerning  practical  results.  The  contrary  is  true  in 
Europe,  especially  as  regards  the  application  of  the  process  in  Upper 
Silesia.  Engineers  from  that  Province  visited  this  country  in  1893, 
gathered  considerable  information,  and  introduced  the  practice  in 
Germany.  Many  articles  regarding  application,  cost,  and  advantages 
of  the  process  have  appeared  in  foreign  periodicals. 

It  is  hoped  that  the  investigations  conducted  by  the  city  of  Scran- 
ton  «  and  by  the  Pennsylvania  State  Anthracite  Mine  Cave  Commis- 
sion, appointed  by  Gov.  Tener  in  1911,  and  the  scientific  inquiries 
of  the  Bureau  of  Mines  will  be  productive  of  results  that  will  offer 
relief  to  anxious  owners  of  the  surface  overlying  mine  workings,  and 
to  owners  of  industrial  plants  located  in  districts  where  subsidence 
may  occur.  These  investigations  should  also  prove  of  much  service 
in  aiding  to  lessen  waste  in  the  mining  of  valuable  minerals  other 
than  anthracite. 

•Griffith,  William,  and  Conner,  E.  T.,  Mining  Conditions  mider  the  City  of  Scrantait 
PKu  report  and  maps :  BulL  25,  Bureau  of  Mines,  1912,  88  pp.,  29  pU. 
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Inst.,  vol.  119,  April,  1900,  pp.  271-282.    Brief  general  description  of  the 
process  with  illustrations;  also  discussion  of  the  advantages  and  the  saving^ 
effected. 
Hardy,  William.  Removing  pillars  in  coal   mines.     Abstract  of  paper  read 
before   the   Coal    Mining   Institute  of  America.     Mining  World,   vol.   26. 
March  9.  1907,  pp.  334-335.    Treats  of  removal  of  pillars  underlying  surface 
waters,  the  successful  filling  of  worked-out  areas,  cribbing,  and  the  man- 
agem«it  of  the  water. 
TTiLL,  L.  E.,  and  Bubr,  Malcolm.  The  hydraulic  filling  of  a  coal  seam  at  Lens* 
Pas-de-Calais,   France.     Col.  Guard.,  vol.  91,  March  2,  1906,  pp.  407-408. 
Describes  the  process  as  applied  at  the  colliery  named. 
I..EE,  Richard.  The  recovery  of  anthracite  from  culm  banks.     Eng.  and  Min. 
Jour.,  vol.  85,  April  4, 1908,  pp.  720-722.    Discusses  incidentally  the  methoda 
and  cost  of  conveying  culm  by  flushing. 
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Mayer,  L.  W.  The  advantages  of  flushing  in  coal  mining.  Bng.  and  Min,  Jonr.« 
Tol.  86,  July  4,  1908,  pp.  1-5.  Discusses  the  value  of  the  system  and  its 
application  in  the  United  States  and  in  Europe. 

Obebhausen,  Jacob.  The  compression  of  stope  fillings.  School  of  Mines  Qaart«, 
vol.  26,  April,  1905,  pp.  271-276.  Gives  data  as  to  the  compreasibility  of 
filling  as  derived  from  experiment  at  shaft  No.  2  of  the  Kaiser  mine  in  the 
Ruhr  coal  district,  Germany. 

BoLKEB,  C.  M.  Note  on  a  fire  bulkhead.  Eng.  News,  vol.  13,  May  2,  1886, 
pp.  273-274.  Describes  fireproof  and  gas-proof  bulkheads  used  to  stop  fire 
in  the  Chrysolite  mine,  Leadville,  Colo.,  in  October,  1881. 

ScHMEBBEB,  H.  Le  remblayage  par  I'eau.  G^nie  Civil,  vol.  49,  May  26,  1906, 
pp.  57-59 ;  June  2,  1906,  pp.  68^71.  Describes  the  use  of  fiowing  water  in 
pipes  as  a  means  of  conveying  rock  or  other  filling  material  into  disused 
workings.    Examples  from  various  mines  are  given. 

^iixiAM,  E.  H.  Utilization  of  anthracite  culm.  Eng.  Mag.,  vol.  11,  April,  1896, 
pp.  644-657.  *  Cites  instances  of  culm  disposal  by  fiushing  into  worked-out 
mines. 

PUBLICATIONS    ON    MINE    ACCIDENTS    AND    METHODS 

OP    MINING. 

The  following  Bureau  of  Mines  publications  may  be  obtained  free 
by  applying  to  the  Director,  Bureau  of  Mines,  Washington,  D.  C. : 

Bulletin  10.  The  use  of  permissible  explosives,  by  J.  J.  Rutledge  and  Clar- 
ence Hall.    1912.    34  pp.,  5  pis.,  4  figs. 

Bulletin  15.  Investigations  of  explosives  used  In  coal  mines,  by  Clarence 
Hall,  W.  O.  Snelling,  and  S.  P.  Howell,  with  a  chapter  on  the  natural  gas  used 
at  Pittsburgh,  by  G.  A.  Burrell,  and  an  Introduction  by  C.  B.  Mnnroe.  1911. 
197  pp.,  7  pis.,  5  figs. 

Bulletin  17.  A  primer  on  explosives  for  coal  miners,  by  G.  E«  Monroe  and 
Clarence  Hall.  61  pp.,  10  pl&,  12  figs.  Reprint  of  United  State  Geological 
Survey  Bulletin  423. 

Bulletin  20.  The  exploslblllty  of  coal  dnst,  by  G.  S.  Rice,  with  chapters  by 
J.  C.  W.  Frazer,  Axel  Larsen,  Frank  Haas,  and  Carl  Scholz.  204  pp.,  14  pis.,  28 
tigs.    Reprint  of  United  States  Geological  Survey  BuUetin  425. 

Bulletin  44.  First  national  mine-safety  demonstration,  Pittsburgh,  Pa.,  Octo- 
ber 30  and  31,  1911,  by  H.  M.  WUson  and  A.  H.  Fay,  with  a  chapter  on  the 
explosion  at  the  experimental  mine  by  G.  S.  Rice.    1912.    75  pp.,  7  pis.,  4  figs. 

Bulletin  45.  Sand  available  for  filling  mine  workings  in  the  Northern 
Anthracite  Coal  Basin  of  Pennsylvania,  by  N.  H.  Darton.  1913.  88  i^.,  8  i^si, 
fe  figs. 

Bulletin  46.  An  investigation  of  explosion-proof  mine  motors,  by  H.  H. 
Clark.    1912.    44  pp.,  6  pis.,  14  figs. 

Bulletin  48.  The  selection  of  explosives  used  in  engineering  and  mining 
t)peration8,  by  Clarence  Hall  and  S.  P.  Howell.    1912.    50  pp.,  3  pis.,  7  figs. 

Bulletin  52.  Ignition  of  mine  gases  by  the  filaments  of  incandescent  electric 
lamps,  by  H.  H.  Clark  and  L.  C.  Ilsley.    1913.    32  pp.,  6  pis. 

Bulletin  65.  Oil  and  gas  wells  through  coal  beds ;  papers  and  discussions,  by 
fi.  S.  Rice,  O.  P.  Hood,  L.  M.  Jones,  A.  S.  Heggem,  and  others.  1913.  101  pp., 
1  pi.,  11  figs. 

Technical  Paper  6.  The  rate  of  burning  of  fuse  as  influenced  by  temperature 
«ud  pressure,  by  W.  O.  Snelling  and  W.  C.  Cope.    1912.    28  pp. 


Digitized  by  LjOOQIC 


Hall  and  S.  P.  Howell.    1912.    19  pp. 

Technical  Papeb  11.  The  use  of  mice  and  birds  for  detecting  carbon  mon- 
oxide after  mine  fires  and  explosions,  by  G.  A.  Burrell.    1912.    15  pp. 

Tbchnigal  Paper  13.  Gas  analysis  as  an  aid  in  fighting  mine  fires,  by  G.  A, 
Burrell  and  P.  M.  Selbert    1012.    16  pp.,  1  fig. 

Technical  Pafeb  18.  Magazines  and  thaw  houses  for  explosives,  by  Clarence 
Hall  and  S.  P.  Howell.    1912.    34  pp.,  1  pi.,  5  figs. 

Technical  Paper  19.  The  factor  of  safety  in  mine  electrical  installations,  by 
H.  H.  Clark.    1912.    14  pp. 

Technical  Paper  21.  The  prevention  of  mine  explosions;  report  and  recom- 
mendations, by  Victor  Watteyne,  Carl  Meissner,  and  Arthur  Desborough.  12  pp. 
Reprint  of  United  States  Geological  Survey  Bulletin  369. 

Technical  Paper  22.  Electrical  symbols  for  mine  maps,  by  H.  H.  Clark. 
3912.     11  pp.,  8  figs. 

Technical  Paper  24.  Mine  fires,  a  preliminary  study,  by  G.  S.  Rice.  1912. 
61  pp.,  1  fig. 

Technical  Paper  28.  Ignition  of  mine  gas  by  standard  incandescent  lamps,  by 
H.  H.  Clark,     1912.    6  pp. 

Technical  Paper  29.  Training  with  mine-rescue  breathing  apparatus,  by 
jr.  W.  Paul.    1912.    16  pp. 

Technical  Paper  40.  Metal-mine  accidents  In  the  United  States  during  the 
calendar  year  1911,  compiled  by  A.  H.  Fay.    1913.    54  pp. 

Technical  Paper  46.  Quarry  accidents  In  the  United  States  during  the  fiscal 
year  1911,  compiled  by  A.  H.  Fay.    1913.    34  pp. 

Technical  Paper  47.  Portable  electric  mine  lamps,  by  H.  H.  Clarke.  1913. 
12  pp. 

Technical  Paper  48.  Coal-mine  accidents  in  the  United  States,  1896-1912, 
with  monthly  statistics  for  1912,  compiled  by  F.  W.  Horton.  1913.  74  pp., 
10  figs. 

Technical  Paper  53.  Proposed  regulations  for  the  drilling  of  gas  and  oil  wells» 
by  O.  P.  Hood  and  A.  G.  Heggeni.    1913.    28  pp.,  2  figs. 

Miners'  Circular  3.  Coal-dust  explosions,  by  G.  S.  Rice.    1911.    22  pp. 

Miners'  Circular  4.  The  use  and  care  of  mine-rescue  breathing  apparatus* 
by  J.  W.  Paul.     1911.    24  pp.,  5  figs. 

Miners'  Circular  5  Electrical  accidents  In  mines ;  their  causes  and  preven- 
tion, by  H.  H.  Clark,  W.  D.  Roberts,  L.  C.  Ilsley,  and  H.  F.  Randolph.  1911. 
10  pp.,  3  pis. 

Miners'  Circular  6.  Pei-missible  explosives  tested  prior  to  January  1,  1912, 
and  precautions  to  be  taken  in  their  use,  by  Clarence  Hall.    1912.    20  pp. 

Miners'  Circular  9.  Accidents  from  falls  of  roof  and  coal,  by  G.  S.  Rice. 
1912.     16  pp. 

Miners'  Circular  10.  Mine  fires  and  how  to  fight  them,  by  J.  W.  Paul.  1912. 
:14  pp. 

Miners'  Circular  11.  Accidents  from  mine  cars  and  locomotives,  by  L.  M. 
Jones.     1912.     16  pp. 
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